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-DETERMINATION OF RESIDUAL CHLORINE AND TURBIDITY 
IN DRINKING WATER " ' ' 



This manual v was developed by the U.S. Environmental , 
'Protection Agency, National' Training and "Operational 
Technology Center in response to" a request from the 
Office- of Drinking Water. . 
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' Reference to commercial products, trade names, or manu- r 
facturers is /for .purposes of example and illustrations. ✓ 
• Such. references do rrot constitute endorsement by the 
Office of Water Program Opera tions^JL.S, Environmental ^ . 
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Protection Agency 

' This manudl has been prepared fronfthe National Interim 

• Primary Drinking Water Regulations .and. the references 

• contained therein which constitute the legal authority ^ ; - 
for these procedures, ^hen used within a State having^ . » 
been granted primary enfarcement' authority, that State s 
regulations will then constitute the /legal authority and 

should be followed. • v * ; 
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f . , . « INTRODUCTION * , . ' ' . • , 

i' DETERMINATION OF RESIDUAL. CHLORINE AND ^JRBlDITY IN DRINKING WATER 

-When Congress passed the Safe Drinking Water Act, they required, the U.S. 
>"EPA to set maximum contaminant levels (MCL's) for chemical, bacteriological 
and radiological contaminants. The U.S. EPA responded to this- with the % 
National Interim Primary Drinking. Water Regulations (NIPDWR). ^As part of 
these regulation s, turbidity and-ch-lorine had certain requisites set down. 

. _ " . . ' . 

It was intended. in the Safe Drinking -Water Act (SDWA) that the States have 
primary enforcement responsibilities after adoption of their own. regulations 
Which were to be no less stringent than those' contained in Federal regulations 

Since samples for residual chlorine andfcjrbidity cannot be preserved for 
shipment to laboratqries, analysis for tn&se parameters are t<| be run by any^ 
person acceptable to the State, i.e.* the responsible' authority, - These 
personsVill be in "all probability the operators" of the treatment plants. 
It is expected that the States will set up some form of training and/or 
approval of these analysts.- * ^ *• 

This manual was developed to meet the needs of training the operators in the 
' cocrect procedures for analysis, The. material contained herein was based on- 
the Federal document and when used by the States, should be proofed for any* 
.differences, | * 
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FEDERAL REQWftEMEfff&sSQR* COMPLIANCE ON-CHLORINE AND TURBIDITY ^ J 

* • 

~* - • . 

1. ffifereason for the MCL on turbidity is because turbidity 
» • . ' • < • ' ' , ; . 

a. ' may Interfere with disinfection _ t \ 

b. makes water look bad • — 

c. makes- water taste bad' ... • • » 
d7 may settle out In the d1stribution t system * 

e. may shorten filter runs . ' 

2. The MCL for turbidity is applicable to . _ . .■■ \ 

a. all public and private water supplies ■ # . 

b. all community 'and non-community supplies _ 

c. ; only community supplies . - ' 7 
ar^all'cUninunity and non-community suppTTes. Which use^surface waters _ ..... 

1 e. all community and non-community supplies which' use ground .waters . 

3. The turbidity sample musj: be- taken 



a. in the plant 

c! at the*entry. point to the distribute system 

d. at the end of the distribution system 

e. 'somewfieFe in the distribution system 



4. The- MCL, based, on a monthly average, for turbidity is 

a. * 5 TU's " 

b. 3 TU's 

c. 2 TU's 

d. 1 TU * * • • • • " ~ 
• e. 0.5 TU's 
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"TTr TTnalysiS for turbidity must be carried outr-by 

a. anyone acceptable tor.the State .. .* - — « 

*s b. the Federal regional personnel ' — r > 

c. a laboratory that the State has approved : ■ , 

d. the State personnel' . . * 
• e. the consumer . 

6. The analysis for residual chlorine is required . 

^a. because it is published in the regiilatory document 
1- • *b. because it ^s a hea'lth hazard "* ^. 
c. cto issuret i residual. 1n the distribution system^ 
.' d : to mdni tor for f 1 1 ter breaktfirough - ; " 

f e. onlyHf substitution' islcarried out , . „ 
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7. - Substitution. may be carried* out if ... 

...» « . * • 

• a. the operator wishes to. substitute v - ' .» ' 
* b. only after the State has received primary responsibility 

" i. c. only after approval has been granted by" the State 
'. " • 'd. only/if the supply is. chlorinating " ' . ... „. 

e.* .onlyUf^the State grants a blanket approval for a substitution 

' 8. The level of free resid.ua 1 chlorine that must, be maintained in the . 

• distribution system if substitution, is practiced is t 

■ a.'- 0,1 mg/liter (ppm) ' . 

b. 0..2. mg/liter (ppm) / 

'. *c. a. 3 t mg/liter (ppm) 

• d. - 0.4 mg/liter (ppm) 
. •' • e. 0.5 mg/liter (ppm) « 

9. -The maximum number of microbiological samples =that may be substituted for^are 

a. ' 75% ' . 

b. 50% 

c. depends on the size of the plant 

,d. -25% . 

e. depends on who does the analysis 

' *> , * 

10.' ,If the required levels for chlorine and/or turbidity are not met, the 
supply must notify v . 

\ a. the State „ 

. b.- the consumers " * * 

c. the Federal region 

d. the State and federal region . , 
' ». e. ' the State and the' consumers W 



ANALYSIS FOVCHLORINfe 



The approved method for analysis bf*free residual chlorine In drinking water 
1s the • • . 

a. - OrthotoHdirie . <. 

b. amperometric titration^ , • 
t. OPD ,te'st * 

.d. lodometrlc • . . ;. ' .* 

e. OTA ' ' . 



The "Kit" or Comparator form of*the approved method 



/ 



, a. can be' used if approval* granted 
6. ' must M applied "for |undef! alternative test procedures 

C. . may iot be used ' % _' * 3 . „ : ; , $ , ? j . . % 



d. may* be used 

e. can 'be used only for operational testing 

« * * ' 

The chlorine sample is, to be taken 



a. ' in the plant " ' . • I , 

• b. at the first tap ; .« ' * ; 

■c. !at the entrance to the distribution system i\ 

d. at the., end of the* systeSm ^ . ' , 

e. .at ptfi^ts representative of the* conditions within the distribution system 



The' sample for chlorine may 



be for analysis. : 



a. be held, overnight 

>b. be held. 24 hours 

c. be held* 48 hours ] 

'•d.. not.be held-,longer than one hour 

e. be held for 2 hours . 

The. analysis .for, chlorine must be. v done for 

a.,, total " . ■ 

: .b. -combined . . 
; ,c. mono and dechloramines ... * * 
"drr free.- ' "• ' »„ ■ •'•t, <: 

: e.~ total and free ' ' \ • « 

It is recommended that the visual standards 



- • • 



chlorine „ 



. a", do not need calibration 

.b. need calibration before each use 

c. 'need calibration every week "-' 

d. heed^callbfation every month 

e: need calibration every:-sflX.,months , 



in the chlorine kit-' 



. . - — • • , x 

7. -The test for chlorine^must be read • ; L_ a fter 

* addition of the reagent. 

a. within one minuter , 

b. within three minutes # 

* c. any time - • ' • ' 

• d. -within-one hour * 
\ e. within five minutes . 

8. One procedure for calibrating the visual standards for chlorine involves ■ 
tha use of '_ : ' • 

a. a^hlorine solution " • ♦ 

b. a manufacturer's stwiffard 

c. an. orthotoli dine standard .... 

d. potassium permanganate 

e. *chldOrobenzene" standard ' . 

Analysis for chlorine may be donef by the 
procedure. ' ) . • 

• V a. DPD colorinietric. (spectrophotometer) 
o ' X b. DPD titrime^ric 

c. DPD comparator ' \ . / 

d. any • ; \ ' 

e. OTA kit 

10/ Analysis for chlorine must be carried out by^ 

. • " - \ 
a. any one acceptable to the State « 

b. the Federal regional personnel 

c. a-private laboratory the State^has approved 

d. the State personnel ( - 
„ e. the consumer • / 
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ANAL YS I S* FOR * TURB I D IT '[ 

V c. - 

1. Which bf the following units may be used to express turbidity values? 

' ' . * - * ' •. 

a. NTU's "x * < * • t 
b f FTU's • ," ' ' , * 
c mg/l's (ppm) / 

\ d.. JTU's • • J 

e. TU's .. ; ; • 

2. Turbidity measurements must be made 

■ a. - a number, of times based on the papulation served 

b. hourly . t * • / v * •» 
daily -* y 

d. monthly " 1 . , . 

e. quarterly - <» 

3. The method to be used .to measure*turbidi-ty is based upon 

i * 

a. transmission .of light ^ » 

b. absorption* bf light li , 

c. scattering of Itght % ■• 

. * d. the use of the Jackson Candle turbidimeter * . 

e. nephelometry - 

4/ The standards" supplied by the manufacturer ^ • * | * 



I a. do not need calibration .. ' 

* '■■ b. need to be*replaced only if broken 

v. c. need to be monitored for deterioration every Six months 

Id. need to be calibrated once 

e. 'need tovbe monitored for. determination every month 

I* 5. The method for calibration of the turbidimeter is the use of N 
v . . y . v 
a. the Jackson Candle 

b. formazin*s«*<" . 

'M c. * Fuller's earth - „ " , 

!i •• d.' a. filter r 

s'i- ■ e., a plastic rod . 4 • . - ' * 



v. 



6. The stock turb^ity' formazin suspension (400 units')' is* stable for 



'■m 
nm 



# a. dne day s 

^ h. thr6e days 

v x . one week f 

c[ v three weeks 

e . one month* " - / 



.7. 'Good practice for handling the sample cells used in the "tufbi dimeter, include 

* 

a. -a. -wiping" with a soft tissue before placing it in the instrument 
* . b.. .not touching it where the instrument's light strikes it 

t *C. J discard the sample cells when scratched 
\ d. keep the^cells very clean . . 

e. store this cells in a safe place . » ^ • -» 

8. *The user of a turbidimeter ■ . — — ^ ock 

(400 unit) formazin suspension. ' ' - 

' a. must have the State prepare h^s • p 

b. may purchase the 

c. may do his own preparation of the » 
' d. does not need a ' , ' "' • ""^ 

.e. none of the' above 

9. Dilutions of the stock formazin suspension should 1je used^for ■ ; 



10. 



one day r 



b< one-week t - 

c* one month '. 

4. two months * f % « 

e. indefinitely 



The nfeiWm reading-. on a tufbidimeter that may beVusecf without dilution is 



. a. 1000 TU's 

;b. 400 TU's 

♦c. -100 TU f s 

d. 40 TU's. 

,e. IjttTU's 
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DETERMINATION OF RESIDUAL CHLORINE AND TURBIDITY • 
IN "DRINKING WATER \ .* • 

Date- ' " ' • 

... - Location/ ' . «' • •,, 

EXAMPLE AGENDA * ? 
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Y. Course' Director: 
DAY & % TIME* 



SUBJECT 



SPEAKER 



Mondavi July '24 
8:30 - ,9:30 ^ 

9i30 - 10:15 

10:15 - 10:30 
10:30 - 11:00 
11:00 - 12:00 
1 ^,12:00 - 1:00 
1:00 - 1:30 
; 1:30 - 4:00 



Registration, Introduction and Pre-Test 

Pederal (State) Requirements for Compliance on 
Chlorine and Turbidity , • 



it*," 

r ' 
i 



4:00.:- "4:30 



Break* 

Analysis for Chlorine 
^Analysis for Turbidity * 
Lunch 

Laboratory Briefing 
Laboratory: . 



1. Chlorine , > 

Kit Standardization 

2. Turbidity. % '* 

.Preparation of Standard 1 " v 

Standardization of Instrument 
# 

.Course Closirig ; 4k 
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Federal Requirements for Compliance on Chlorine arid Turbidity 



H ; I. ^ Introduction 



The Safe Drinking Water Act (PL 93-523) was signed ,by. the Presideof on 

■December 16, 1974. It is the first Federal act dealing in depth with 
' providing safe drinking water for public use. Prtfer to this, act, only 
the Interstate Carrier Water Supply Certification "Program could be used 
on a Federal level to certify public water supplies. Consequently, the 
Safe Orinking- Water Act was adopted to insure a.safe and adequate -water 
supply to all persons: • ' ' . , . ^ 



IA$ part of the Safe Orinking Water Act, Congress, mandated that the Environ- 
- • mental Protection Agency publish proposed drinking water regulations within 
' 90 days of enactment of the Act. After an 1 appropriate time (180 days) foi|- 

I ." receipt of public comments, 'EPA was tb promulgate such regulations, w;ith 
'modifications as were deemed appropriate. . • v - , 

I 
I 

V 

I 



II; Chlorine 



Consequently, the National Interim Primary Drinking Water Regulations 
(HIPDWR) were promulgated on December 24, 1975. These regulations were> to 
become effective on June 24, 1977. * " , J - i * \ 

•The' Safe Drinking Water At;t -anticipated that the States K after meeting 
certain requirements, were to become the primary enforcement authori ty for 
the Act and the Primary Regulations. . The corresponding regulations adopted 
.by tfje States were to be no less stringent in their requirements- than the 
Federal regulations. *• A • 

The MIPDWR set down a list of contaminants, their maximum contaminant 
levels (MCL), the monitoring frequency, and the analytical method to be 
iJseTTn their analysis. These contaminants included inorganic and organic 
'L chemicals, microbiological and radiological parameters. In addition, stah 

I topics as variances and exemptiojjs.,. sitin£jequjjrements, reporting, publiW 

■ *s ' notification and record keeping^were covered.*' 

I - /- • ' The two parameters we are to deal -with in this course are the -requirements, 
for chlorine, residual, and turbidity. 



1 

4f. ' - In an effort to reduc'e the required bacteriological analysis for both 

. . community and non-community water supplies, Substitution of free chlorine 

m . residual determinations was permitted. in the NIPDWR. This substitution is 

- subject ^to approval by 'the State* and must be based upon a sanitary survey of 

M the supply andfiermtts substitution of no more than 75%' of the required 

Mfr -.. -' - ^ 'bacteriologicaT'Samp.leS' -.-.•:-.*-.*.•*■*■ \ ' 

lFRJCftt.3^76>, \ m V 14 * £1-1 



While chlorine itself is not lifted as a parameter requiring monitoring, it 
is covered^under the microbiological' section. The MPDWR. requires a water 
supplier* to collect samples to be analyzed. for coliform bacteria at regular 
time intervals. ' the number of samples to be collected .are in proportion 
to the populatidn served by the system. A table \$ supplied in the document 
l isting the minimum number of "samples per months to be taken when a certain 
population is served with, tHk sampling frequency ranging from one sample 
-per month to 500 samples, per month. \ . 
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In order .to carry out. this substitution Me/sup&lier of water must take , 
chlorine residual* samples at points whicf are representative of the con- 
ditions within' the distribution systgm;$at a frequency of at least four 
for each* substituted' microbiological sample. In" addition, there must be ( ajt 
least daily determinations of .residual; chlorine. No less than the level 
of 0.2 mg/liter of tree chlorine must^be maintained throughout the dis- 
tribution system. • - 6 • \ . 

Substitution f\ir small numbers of bacteriological samples may not be 
^economically advantageous. % For example, -if three bacteriological- samples 

per month are required, two couldibe substituted.,. This-would require four 

times the ttfo or eight residual qhlorineLdetermi nations. However; if any 
-substitution is^done, at least one chlorine determination must be' done 

daily or about thirty per month;^ Consequently, *here would be an increased 

workload. created by substitution. . .. , 

Should a sample from some particular sampj(ng point be found to contain , 
less than 0.2 mg/1 iter free chlorine, the wa^ei\at this point shall be re- 
tested as soon as possible and > Jjj-any event withln^ejjpur.. If the resample 
analysis reconfirms the original analysis in that less than 0.2 mg/liter 
' free chlorine is present, the fact shall be reported to the State within 
48 hours. In addition, when, confirmation is obtained, a sample must be 
taken from the- same sampling/ location and analyzed for. coliform bacteria. 
This additional sample must/be tak|n as soon as possible and preferably 
within one hour.. The results of this bacteriological analysis shall be 
reported to the State within -48 hours after the results, are known to the 
water supplier. j . ' • . 

« * 

Under section 141. 32v Public Notification, it is-further stated- that if a 

community water system should f a \V$6 M * comply with the required level of 
-0.2"mg/Ti£er of free chlorine residual, the supplier shall notify the 

persons served by the system of the failure to comply. How this notifica-. 
-tion is to be, carried out and with what frequency, can vary with the State 

document and should be discussed with, the State's representative by the supplier. 

It should be made clear, that substitution is permitted onTy wifh. permission 
of the -State and . this approval may be withdrawn at any tim.%:- Some States 
are'not permitting substitution at all in their corresponding, documentor 
drinking water quality. Any su pplier should^check with his.;^State before - 
beginning to, substit ute f ree chlorine determinations for- bacteriological 
analysis. .. ' ' --. 

Concerning" the subject of .who shoul d do the analysis for free chlorine 
residual, the NIPDWR state that- anyone acceptable to* th e autho ri ty may 
perform the analysis. It is urged that the State set up some quality con- t 
trol guidelines for the analysis as welT as. having a system to assure 
validity of these data* - . -.4 ./ 1 - v 

As mentioned earlier, samples should be taken at points in the distribution 
system that" are "representative -of that system. When small numbers- of - 
samples are taken, the locations should be. varied so to obtain informa- r 
tiort on the entire system. One good sampling location Would be th# farthest 
point. away from the supply that -the water travels. Caution should be taken • 
not to use samples .taken -for bacteriological purposes for chlorine determi- 
nations -as. chemicals are added to the bacteriological sample bottles to . 
destroy, the residual /ch Ion he. '' £ * ** 
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• .The Statement of Basis and Purpose for the National Interim Primary 
Drinking ittate* Regulations .lists four items which should be specified by 
the State when aiding substitution, they are: 

A. The number and location of samples for which chlorine residuals are 
to. be substitute^,, 

\. B. The -form and concentration of chlbrinV residual to be 'maintained,- 

C. The frequency of chlorine residual determinations; and 

0> The analytical method to be used. 

^*' 5 ;' , • x, . 

Each approval' must be* made' on a-case-by-case basis taking Into account 
Individual circumstances. The requirement is the establishment of the 
relationship between chlorine residual and the absence of total conform 
• in any given water. .This may not be too difficult in larger supplies where 
.both of these measurements are routinely made, but it might be quite diffi- 
cult for the smaller suppliers (where the most help is needed) who have not 
, been making either measurement. - ' • _ 

) .* / * v • i 

III.. Turbidity . " ' • . • ^ 

' • • Turbidity, unlike chlorine, is a parameter that 1s specifically mentioned 
in the MIPDWR. Drinking water should be low In turbidity prior to disin- 
fection and at the consumers tap^for the following reasons; 

First, several studies have demonstrated that the presence, of particulate 
matter in water interferes with effective disinfection. 

> • 
Secondly, it was revealed in-the 1969 Community Water Supply Survey . 
that unpleasant tastes and odors were among the most common customer 
complaints. While organic* and Inorganics in finished water may cause 
tastes and cTdors, these problems are often aggravated by the ireacti on - 
' of chlorine with foreign substances. Maintenance of low turbidity, will 
.permit distribution of water with less likelihood of creating increased 
taste and odor. '. 

Thirdly, regrowttKof microorganisms, in a distribution system is often 
stimulated 1f organic matter, (food) is present.. - One. source of tjte food^ 
is biological forms such as algae which may contribute to gross .turbidity. 
Therefore the 'maintenance "of low turbidity water Wfll .reduce, the level ^ 
of this microbial food^and maintain a cleanliness that will help prevent 
regrowth of bacteria and the- growth of other microorganisms. . 

And lastly, the purpose of maintaining a chlorine residual in a distri- 
bution system. is- to 1 have a hi ocidal material present throughout the^ » 
system so that the ir consumer will be protected -if the Integrity of the 
' system is violated'.! Because^ the suspended material that causes turbidity 
nwfe^exWt a chlorine demand,- the •maintenance of a. low turbidity water 
througlrofrthe^Stem will facilitate W maintenance of^proper chlorine 
residual.. \ ^ ■ 
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The 'maximum contaminant levels for turbidity are applicable to -btftlj community 
andl n^n-conmunity\Water systems 3JsTng surface waters in whole or in part as 
their source*^ •.' -. ■*, '" - .. ... . 

■ ' - V • ei ,3; 



The n4ximum contaminant levels are: i v 

4A. dne turbidity unit.lTU) as detenntne^by a monthly average. in * x " p * 
. H that five or fewer turbidity units may be allowed if the supplier 
* of later cZ demlhst^to tKe - State that ther*hig.her turbidity does 
not do any, of the fallowing: 

I! ! JS^fel^1^-df.-1i-i e i«t kgent throughout 

the distribution syitem; or 
3. Interfere with microbiological Tietermi nations 

B; Five turbidity" units based on ah average for two consecutive days". 

The samples 'should be taken byxthe supplier of water for both community and 
noicommunity<system> The samples should be taken at^a /epresentat ve point 
of 'entry into the distribution system at leasUonce a day. The sample may 
be trten and analyzed by ; anyone /acceptable to the principal enforcement 
aSthori ^whether State'or Federal; and analyzed as soon as possible or withi 
one hour. * 

If the results of the turbidity analysis indicates that the maximum allowable 
imit has been exceeded, the sampling^ analysis must be repeated from the 
same location as soon as practicable and -preferably within one hour. the 
reoeat ramble confirms that. the maximum allowable limit has-been exceeded, 
the Jp^p ierofle^ter shall report to the Sti* wi thin >48 oars Thev 
repeat Sample shaR be the sample used for the purpose of calculating the 
S^brage. Vthe monthly average of the daily samples exceeds the 
maximfellQwable limit, or if the average of two samples taken on two 
cbSStiieTys exceeds 5 turbidity units, the supplier of the water shall 
"Soft to ?hHuthJ5i?y and notify the-public as ^directed by the regulations. 

Public Notification '; 

I^an attempt to protect the consumer of water, a requirement of public . 
• not ficatiSn ms established .in the Act. In addition to protection, it also 
serves to keep the: consumer up to date on. actions taken to correct the 
reason .for notification. Notification is required if a supply. 

A*. Fails to comp.ly with a MCL 4.. 
B Fails to comply with testing and/or monitoring requirements 
C. Falls to comply with any compliance schedule; or «. 
d}„ Is granted a variance, or exemption 

Notification must be included in any water bills sent the consumer or by 
mail. Additionally,. in the event of a failure to comply with a MCL, the X 
notification should also be carried out in newspapers, and on radio and 
television. In all instances., the notification should be conspicuous 
- and in- an easily readable and understandable form. . 

the State may require additiahal^hotificationin the various forms for 
failure to comply with testing v mo,nitoring, compliance schedules o.r it ^ 
variances or exemptions , are granted.. ., • - • 



V. Summary - * • v ~" ' * * ■ . 

In $he monitoring and analytical requirements section* for mfcrobl&og/lcal 
contaminants, a number of samples are required to 'be analyzed, depending • 
on .the population served* fcy the the supply. In an effort to. reduce this . 
workToad, substitution of iip to- 7556 of the required microbiological m - , 

' ' analyses with analyses for free reslduaij chlorine was permitted. Four . 

eMorihe determinations for* each substituted bacteriological analysis 

was the frequency required. The regulations also require that the- 
"analytical method to be used for this analysis was to be in the kit' form 
of the DPD procedure. . 

Turbidity is a contaminant which has a set MCL of one turbidity unit '.. 
. allowed in finished waters. The monitoring frequency Is required to be 
carried out dally at the point of entry of the water into the distribution 
. system. The analytlcal method utilizing Nephelometryjs required to comply 
with the regulations., • 



References: , * 

1. Federal Register, "Part IV, December 24, 1975, National Interim 
Primary Drinking Water Regulations, pages 59566-59574. J 

'2. - Standard Methods for the Examination of Hater and Wastewater, 13th 
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Analysis for Free Chlorine 'Residual 

" I. Introduction - * 

The analysis for- free residual chlorine for compliance with* the National 
Interim Primary Drinking Water Regulations (NIPDWR) 1s-.qu1te simple. The 
Regulations in section W.21.(h) stipulate that "Analysis for residual 
chlorine shall be made 1n accordance with Standard Methods for the Examina- 
tion of Water and Wastewater, 1.3th edition, pages 129- 132. '•' These page 
- references cover the OPD Ferrous TltrlmetMc and Cqlorlmetrlc methods. 

For many years the methodised In drinking water treatment plants to 
measure chlorine concentrations v was the orthotolidlne method utilizing 
the color comparator; .However, "the orthotolidine test has been shown. Xp 
be Inaccurate and unreliable. The Environmental Protection Agency feTt 
that a more reliable method that maintained simplicity by using a comparator 
kjt should be used. Consequently, it was intended when the regulations 
were written, that the DPD* method, which Js available in the kit^fprm, be- 
used. Because the kit form is available and permitted, should riot Imply < 
tha'tt the colorimetrlc or the titrimetric forms .^y not be used. u 
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■ . . • be in the form of H0C1- (hypochlorous acid) or Its dissociated Ions 

# H* and OCT" (hypochlorite 1on)> The HOC! Is a weak add and Is dissociated 

I 

I 



'it. Basic Principal K 



A. Forms- of Chlorine „ 



'Elemental chlorine is a greenish-yellow gas that 1s highly ^61 uble in 
water, It reacts readily with many inorganic substances and all animal 
and plant -tissues. The denaturing affect of -chlorine on animal and 
plant tissues forms tl$&ririWor Its use as an effective water and 
wastewater disinfectant. When chlorine dissolves In water, it. acts 
according to the reaction: /{h^H^OCl-wN-a"; Unless the concentra- 
tion of. the chlorine solution is above 1000 mg/Uten, all chlorine will 



-according to the equation HOC! X H + OC.l 



- The ratio between H0C1 ,ahd OC.l- Is dependent on the pH of the water, 

1 ' ? • with 96% H0C1- remalnMat pH 6, 75% at pH 7, 22% at pH"8 and 3% at 

• P H 9; The relationship df HpCl to pH is significant as this form Is . 
thertnost potent bactericidal .form InJthe use of 'chlorine for disinfection. 



t»?' Chlorine in the .fre'6,Vorm reacts readily with nitrogenous organic 
|; — - .materials to form / chti6rarn1nes.'. The chloramines, mono and dichloramine, 



1 

§ 



make up. the-combihed forms of chlorine, rt is. generally recognized 
that the combined forms of chjoriae-have a markedly less dlslqfec.tlng 
efficiency thdh free chlorine.. - It 1s for this reason a required level J 
of at least #.2 mg/Hter of free chlorine 1s to be maintained^ throughout 
the_dlstrtfeution system. 



i .., . . J.._._ • ? 



B. Methodology. -. . ^ - " • . . * 

•One'pofnt which must be kept in mind as the method is discussed is that 
— the onl'y^fbrm of chlorine that 1s required to be measured by the .regu- 
lations; 1s^he?frW chlorine.' When the procedure Is read In "Standard 
m :« ■ > . Methods," "it -appears to be. involved and sophisticated and may tend .to 

.fo^ <, J: cause anxiety towards Its use... the kit form simply; requires the 



• '\ - • ■ • 



I 

^/addtt1o.n -of a .solid reagent (in powder, or tablet 'form') to a measured - 
vVo1ume\of sample and, comparison if the resulting instantaneous cojor * : 



•with' "a standardized, color.. 

In/the absence of iodide Ion, free available chlorine^ reacts instantly*!.. • ' I 
• .with .the DPD (N» N-d1ethyl-p-phenylened1am1ne) reagent to produce a ' ■ 
red color. The color produced Is more stable, and 'fewer reagents' 
, . vare needed,- than with the orthotolidine test. With additioii-af-potas.s1um 
Iodide (KI) additional information on the concentration of the .combined 
" r forms of chlorine (mono or dichloramines) caiy>e determined, 

• ; ...... .. 4 ^-e^- _ * ^ 

-III, . Instrument. Design: t , 
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As mentioned before the 'i Kit", form of the DPD method was the method intended J- 
for use in the measurement of free residual chlorinajn th$ NIPDWR. .- In most ' -■. 

4nef»i«ae fka H + 4c a rnlnv t-nmna va f nv> in ilih-irh flrEP^na"! Oct rnmn»»»pc, the 

I 



instances, the kit is a color comparator in Which tn^ranalyst compares the 
color produced in the sample with a series of visual. standa\ds. These visual 
^standards are normally in one pf two forms, a pintle disc oMiquid con- 
taining sealed ampules. * Bom of these have colors matching the colors pro- 
duced in the DPD test with various concentrations of chlorine. . , 

'These visual standards are either sealed. "in -the comparator or\replaceable. , * I 
Sample cells are'<provided in which the sample and reagents *are placed'and ™ 
the- resulting color viewed along side the visual standards. 



This outline" is meant to cover only the kit form, however, it^oes not - 
Intend to imply that the use of the col orimet^a and/or titrimetric pro- 
cedures listed in "Standard Methods" are any less acceptable. These other 
procedures are mpre-'expensive and difficult but produce equally acceptable 
data. The reader should consult the references for further Information on- 
.. these procedures. ' • > 

• • • ' ■ 1 • * ■ . • • J < 

JV. Factors Affecting the DPD Test % 



w talhed in the normal procedure. to. produce a value for the free residual 
- * i : ; * chloHne^rily, . - 1 V " 



"ft •*' *>"-* 
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There* are more- interferences"' affecting the DPD test than those; covered here.* * I 

However, since compliance with the NIPDWR requires only the free chlorine ^* 
* to be measured, only those interferences connected' with this measurement 

: are covered. Should additional information be required, refer tjj the ' M 

' references at the end of . this chapter.' • '. • * ■ 

Chlorine dioxide, bromine, .bromamine, iodine and any oxidized manganese ■ 
. " may react with the DRD reagent, and give results as free residual chlorine. 
Chloririe.dioxlde appears as free chlbrW in the DPD procedure but only 
. to the extent of one-fifth of Its .total aval Table chlorine content. If* 
this proves-, to -be .-a particular problem m a treatment plant, the freer 
residual chlorine* can be determined by ^oin^/two determinations and sub- 
tracting" the values, ffie first trdn is* done formally by. adding the reagent ^ 
./'and reading the color. This wilPproduce a combined Value for free chlorine ":B| 
"T- and chlorine dioxide fnterferejice. A second volume of sample is taken and ■: 
' X ^J34mi-ililjtei^^ a ]Q% w/>v^sol.ution ofr glycine'.is.added:. The solution is 
q^"^ - ^ mixe^i-the-DPD reagent .is added, and the reading, taken tmniediately, *_Thls_: . ' K 
value w1>l represent the chlor1ne'di%x1dWnterference. The value determined I 
secondly, I.e., when the glycine, is used, is .subtracted from the value ob- 
" " * " '* " esidual ■ 

> > • •* 



v ..• v.V ' -v*?.- ~ - :> ~ "\0\ * ^ 

„ /" * * , > ^ • * ' k -li 

' * ' ^ 

In,a.$1iri1lafcmanner>two nuns can be carried out to\d,1fferent1ate between 
thelfree residual chlorine^and any bromine, 'ariwamlne or iodine present. 
" \\ Agaihj the first time the sample is analyzed I93 normal fashion, this 
'm provides a value for the chlorine, bromine ,'.bromamine and Iodine** Then 

:™ a second volume bf sample is. taken and about 0.0b grams (a small pinch) » 

: -*f ammonium sulfate ((lto 4 ) 2 S0^) 1s -added and, after mixing to dissolve,. 

I '' • , allowed to stand one minute.- Then the DPJTreagent is added and th§_:- 

• reading taken. This value^epresehts the bromine, bromamlne arid- iodine. 
'• By subtracting the -second value (when ammonium sulfate is added) fronwthe 

I first determination, the free residual chlorine value 1s obtained. 

*- ' * "^Extremes 1n pH can cause addl ti ona 1 i nterf erences , however, with the 

I" * - — phosphate buffer Included as required, with the 0P0 reagent, the pH will 
not go to the^e extremes. ThV buffer 1s In corporate d 1n the dry reagent 
^ used with the kits. ' . 
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— Tempera turecan-cause Interference's— K-does^iimiost methods. The higher 
the l^mperature, tfte\greater the tendency 'Forjfte chloramln'es to produce 
Increased apparent free chlorine -r,esuEfcs after a fixed time Interval. How- 

.* ever, .the DPO method is among- those methods least aff ected by temperature. 

The amount of' reagent included (tablet or powderpfn th% kit is genera-lly 
good for concentrations v up to ^mg/liter free' residual chlorine.. Samples 
with concentrations higher than th1? should be diluted and "the results 

* multiplied by the appropriate dilution factor; - • 

The last comment to be made here is that the analysts who 'Ijave -difficulties, 
in detecting colors'or differentiating shades pf red will have difficulties 
' in Carrying out this analysis. However, the tltrimetrlc or colprimetrlc 

* (used with; a spectrophotometer) procedures could be used i,n place of the 
.... .' •"visual comparison. kit method. ' ^ • * / . , 

V. /Calibration ' - « J " ' 

In the document currently being used as criteria fqr; the certification of 
laboratories doing analysis tix comply with the NIPDWR,certa1n>econmenda- . 
tions, are made for the call bra tion/*of the visual standards- 1n the kits. 
Laboratories utilizing visual comparison devices 'such as colortwheels* * 
r , sealed ampules*, etc., should calibrate the standards incouporated Into such 
, devices at least every six months with documentation of .these calibrations. 
By preparing check-standards (in vlandard Methods.) and comparing these 
with, the manufacturers standards and plotting. such .comparisons on graph 



■ paper, a correction factor can be derived- and applied to- all future results 
bb$a,1ned on>thi n^calJ^ralted-apparatus". • • . .. ' •!"* 

'-J'- x *■■*'" ^^'i&hjtsi&'-c • ' ■' *■■ . ' '•' 

I- This constant calibration $$11 monitor for^ny deterioration of the kit's * 
» visual standards^ 'In addition! if one or two -check sj^daf^s :aif% pre^rra' . 

each time a new : batch of DPD reagent is purchased, Ihe analyst. can be' aware. $ 
of any Changes in the prepared reagent's strength". or*. makeup which may result / 
in-dev1at^ns^ from- past calibrations;. .-.*•-•.-. • : — — - 

I Directions for- preparing visual 'ch.eclc itandards_ca n tie foun d, in ' Standard' 
I Methods^ ^In : or^er; to ta;librate t[^ ; 

4:- potasstum, permanganate j(wnQ;) -carivbe prepared thatfewlll 'be equivalent to . ; 

tm^*~. ' .... X mg/l.iter of chlorine.. This solution 1s -prepared b)fdi starving 89V mg of 
mcrnr ' potassium p'ennangana.te"per:*litervof Wsttlled' water and diluting 10 ml. : of J§ 

^W^a».i.--ff.>--,. u. ^ .. - ■ -i'* ■ ■Q'ti ' ' " £2-3.- $<■ ' S V4>^ 
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'this solution. to one -loiter. 'Thereafter 1 ml of ~th4s freshly prepared 
-solution, when made up to 100 ml with distilled wafer, -will produce the 
color associated with 1 mg/Hter. of. chlorine with the addition of DPD. A 
series of dilutions covering the range ofnhe standards r in the k comparator 
should be prepared to check, each 'permanent standard. More -precise directions 
and an example series of dilutions wpll be found in .the laboratory section 
of this. manual. - v w ' \ 



• . Potasslum^permanganate (Kf1ri6 4 ) caFbe purchased from any laboratory supply 

catalog. A'good grade, ACS or reagent graded should^be purchased. Pur- 
chase about one pound (453 grams.) of. the material. -Thfs K usually the 
- smallest amount sold. If the material 1s" kept. t1 gtftty\ dosed and 1n a dry 
« area, 1t should last? for. a longtime. 'However,, the «'SO*lut1ons of the potassium 
permanganate should be prepared fresh before|eaoh use tq, ensure correct ' 

results. • • *, t } ' + 

• . .-. • _ , (t . . 

Quality control samples will be avaj Table from Qua*! 1ty Assurance Branch, i 
Environmental -Mon-f tori ng and Support Laboratory, U.S. EPA,^C1ncinnat1 , 
Ohio 45268, /or . use as check standards.- " . 

' , * ' - • i . * ' 

VI. Available Kits • • • , . f K ' . ■ 



sphere are a number of kits available and the reagent*, can be purchased 'with 
each one. Always use the same reagent from the^ompany which developed? the 
standards (wheel ,Qr sealed vials). .With thVreagent being a powdered "* . 
mixture, the proportions or the" components themselves"" may vary.. Always 
check the kit against, a calibration standard of. potassium. permanganate 
when a'new^batch of reagent is used. The companies listed below are • 
those known at the time of preparation of this material and should not be 
considered as complete or as an endorsement. .'♦<&..'.. 



Company 

Hach Chemical Co. 

t 

a 

Hellige* 

(Fisher Chem. Co.) 
LaMotte Chem. Co. 

LoviBond . 



■ Kit No! 

CN-66 
(2231-01) 

15-398-101C 
. (disc only) 

LP-1 
(6901) 

112A 



Reagent No^ 
14077-99 V • 

15-398-J02A 

6999-HS- 



Remarks , 

- "Includes ; comparator and 1 
50 pillows. * 

.Needs comparator 
(1 5-39^-1 00D). 

Includes comparator 
and 50 tablets* 

Includes comparator 
and 50 tablets. 



*Th1s Item is supplied through many cfT^m'ical supply catalogs; the numbers 
supplied here represent those-'in the Fisher catalog. >/* ^ 



The reagents listed are those Jo determine* the ffee chlorine only. Additional 
reagents are available to determine combined, and Jotal qh'locine.^Most^ # 
the reagents are ^packaged .in some .form (tablet or powder J^and contain epough 
reagent to carry ; *out 50 determinations. - 
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VII. Summary^ 
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The National Interim Primary Drinking Water Regulations permit J-he. subs ti- # 
tution of free residual .chlorine analysis* for! up to 7535 of the bacteriological 
analysis required of a. water supply. When a State is named as the primary . 
agency for carrying. out the requirements of the Safe Drinking Water Act, it . 
must give its approval and set limits for substitution. There are several 
points which should be specified by' the State before granting permission 
to substitute, and tnese„are: . 

A*. The number and location of samples for which chlorine residuals are* 

to be substituted. . • * * ' . ' 

B.. A The form. and concentration of chlorine residual to be maintained. * 
< • C. The' frequency of chlorine residual determinations; and. - 
' ' «.D. . The analytical method to be used. *..'•" 

* ■ . 

, *"* . The Primary Regulations require that four residual chlorine determinations 

• be s carried out for each bacteriological analysis. substituted and that the 
level of free chlorine^ be' maintained at that not less than 0.2 mg/l'iter • 

. throughout the distribution, system. The minimum of sampling frequency - * 
should be at least daily. It. also suggests that' the kit form of^ the DPD 
.ig*: v v ' method be used for analysis.. ' < * 

References: '~' . - . , • 

' . / " ' ' I \ . f - 

l.\ Federal Register, Part 'IV,* December 24, 1975, National Interim 

Wimary Drinking Water Regulations; pages 59566-59574. k .« 

• 2. Standard Methods for the Examination of -Water and* Wastewater,* /Tsth . 

edition, 197*1, . APHA, AWWA, WPCF^1015 18th .St; .N.W., Washington, DC -20036. . , 

• •* ' ' ■ 

3. Quality Criteria for Water, T976 ed. USEPA, Washington, DC ,20460. 

4. Chemistry and Control of Modern Chlorinatiort, A/T. Pal in, June 1973, : _ 
LaMotte Chemical Products Company, Chestertown, Maryland '21620'. 

'•• - 

APPENDIX • ..'••</ . i 

Addresses of companies mentioned in the. text: . ! ^ 

Hach Chemical Co. * - : Hellige: . Available from many t . LaMotte Chemical Co. 
713 South Duff Ave. laboratory supply catalogs. Chestertown, MD 21620) 

PiS Box 967 ' Example: Fisher 'Scientific Co, V ' • * 

Ames, IA 50010 4 1600 West Glen.lake Ave. . r. 

• , Itasca, IL 60143 - \ 

\ ■ ' ..\ • . r ■ s > 

LoviBond .* or in the U.S. - AKE Laboratory', Inc. . '* / 

Tintometer Ltd. - >~P0 Box 46237 

Waterloo M.' . v V . 503 Broadway 

Salisbury, England . Bedford, OH 4414ft 



This outline^was -prepared- by:- J.D. Pfaff, Chemist,. National Training 
and Operitidnal Technology Center, M0TD/ 0WP0, USEPA, Cincinnati , OH 45268 
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Analysis" for Turbidity in Drinking Water* 



Introduction , ' • ; •• ... • 

The National Interim Primary Drinking-Water Regulations specify a maximum 
contaminant level (MCL) for a number of parameters . These Parameters werfe 
chosen because of their health oriented effect! on tffe consumer of the potabl^e 
water.- One of these parameters 1s> turbidity.;. The regulations cite that ' 
sever*! studies have demonstrated that the presence of Particulate matter in 
water interferes with effective disinfection., Thus, water containing turbidity 
can%n?ain pathogenic organilms even though it has been treated with chlorine 

as a disinfecting agent,- \ ' / 

• \- % - ' ' - * . 

Turbidity has been monitored foAmany years fn water -treatment plants as ans - 
indicator of the, efficiency- of the treatment techniques of -coagulation, • 
flocculation and filtration. Evidence of-turbidity after fHratloiv gives 
an indication .of breakthroughlof -.floe into the 'finished water and sjjowed the 
need for filter backwash and/ar the possible improper operation of the floccu^- 
tion-clarifi cation procedure. . » \ : . \ . - , 

One of the earlier methods for the measurement of turbidity was the Jackson . 
Candle turbidimeter whfch utilized a calibrated glass tube into, which the sample 
was poured. When theTnage of the flame of a candle situated -beneath the 
.tube could no longer\e distinguished, the tube was read and that was the 
turbidity of the samp\e. >e main drawback of the gackson turbidimeter was 
that its lower limit oVmeisurement was. 25turbidity units referred to as 
.Jackson turbidity units (JTU's). . 

: < • • 

.Basic Principal * • 

It should.be emphasized frpm the^ beginning that. turbidity Is an optical Property 
Basically, -turbidity is'causedby the presence of suspended matter In water. 
Substances producing turbidity are usually inorganic in nature, however, finely 
divided organic matters sych as plankton and other microscopic organisms can . 
also produce turbidity,. The particles producing turbidity may be father 
c assified according to their size which may range from, molecular dimensions 
S Sou? 50 microns or targjfc.. The, fraction greater tban^on^micron in diameter 
is generally referred to assilt and will settle. out on standing. .The smaller^ 
size particles can remain suspended, for vepf long , times. • — 

It is these suspended particles that .cause light to be scattered rattier than 
transmitted n straight lines through the sample The Jackson Candle turbid- 
imeter measured transmitted .light and it was not displaced as the standard , 
method until- the selection of the nephelometric method- This nephelometric 
method was adopted as>-the standard method in the 13th edition of Standard 
Methods for ^Examination oTWater aQdiWastewater, and wasalso included in 
the. 1969 edition^rihe FWPCA Methods ^Chemical^naTysis of Water and Washes. 

: This method measures the tight scattered by the particles In the sample at a 
•ninety degree anfiFfrom the path of the incident light. The method is. based 
S^rcomwrisori of the intensity of light scattered by. the sample under def ned 

•felon • Standardization^ the design characteristics of the optical instruments 
i^^lSS^^W^m^ tfieMQstrumen^ are important requirements 
for accuracy of results;. • ' • 



Instrument Design*- 4 Nephfelometer . ' • * 

♦ ' 1 * * • \ 

Since the design of the~Mnstrument % >s>uld affect. the reading' and consequently 
produce a variety of -readings for even a standard solution, some jdeslgrv • l \ 
criteria had to be adopted. ^'Standard Methods" listed several criteria in * 
an effort to standardizeUjistrument design and use, and these were: 

A. ~Light Source: Tungsten, operated at not less thaa 85% of rated .voltage \ 

nor more than its rated.voltage. * - 

B. Photoelectric Detector: One. or nlbre with 3 read-out device* accept Tittle 
to no stray light; free from significant clrift after short warm-up, centered 
at 90°, accepts no light exceeding > 30° -from'90 0 . 

C. Sensitivity: Maximum turbidity to be measured is 40 units, measure 0 to 
'40 units (several scales), detect differences of 0.02* units in waters 

• of Vunit. 1 4 . 4 ' • 



D. Sample Tubes: Clear colorless glass, should bj 
free from scratches (discard when scratched 
where light strikes. 



kept cleaQ inside and out, 
etched); do not handle 



Some of these. design criteria are shown in Figure H - However a variation of 
this design that is acceptable is to have the light enter the side of 'the 
tube and be measured at a 90 9 angle cigain through the side of the cell! This - 
allows the- use of more than one detector>all at"90° from the path of incident 
light. 

Light from the lamp passes through a lens providing parallel rays whfch 

strike turbWity particles and scatter in all directions. Only those scattered ■ . 
at*90° to the path of the incident light are measured by the light sensor. 
The light sensor converts the light energy to electrical energy which is'dis- 
played on the meter. °Stray light and transmitted^! ight are absorbed by the 

walls of the instrument or some form of a light trap. 

nut 

Transmitted * \ 

Light . ^ 



Jurbidity 
Pa^ticl 



icles^ ^" 



mi 



Sample Container 



« Light Sensor 



Light Sourie 



Lens 



Meter 
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IV. Factors Affecting. Jrubldity Readings 



■ A. Interferences' ^, , 

• - Turbidity can be analyzed for any water that 1s free from debris (and 

I 



I 



rapidly 'settl ings coarse materials.- When collecting samples for turbidi- 
m>tr1c measurements, care should be taken not W collect materials such 
\ '. as\small strands of algae, sticks arid coarse. gritty materials. These 
, can 'affect the.readings;by settling, out over the bottom of the ceil to y 
V block- the light, or by repeatedly_passi%> through jthe .light beift. ana ye* - ... 
.\ suiting 1n eYWc readings -> . ***** 
\ . 0 * * • * • ' h . . • • • .: « ,.v s y, ■•■ 

- % the water 1s colored from dissolved solids,, these can Interfere. by ;. , 

at&orbing light, and causlnCa^low turbidity value. . . * - ' f 

f • Fine bubbles can form and collect on Resides of ittje sample tube, J 
^ causing 1 ncreased sea ttefi ng of ,1 IjfcV^M consequently a^il gher vafl ue . ; * 
The bubbles can be detached frbm^tlle^elT-wall by flicking the tube -. . 
Tightly with the finger and\ allowing the bubbles to rise to the surface. 



within the turbidimeter itselfvif it has been stored irf a colder environ- 
ment. Allow l>oth sample and instrument to come to room temperature before 
attempting to take a reading. . ' " . * 



■ ^> Very light shaking of the tube/may also help to remove the bubbles. 

v<-rr-.. * Condensation of moisture on' the sample^tube is another item that can 
'n~:A t produce a. low reading by biocjirig, the Hght>.path. This happens when cold 

mt?' water samples>are brought frisJUe to warme^ areas. -Moisture Jan^also^form 

I 
I 
I 
I 

1 
I 

- After the instrument has been .al l owed to warm up, it should be stable and 

m have little drift:- 4ome manufacturers specify that the instrument be left 

■ on If it is in regular- use. Phototubes (detectors )~can absorb moisture ■■- 
\ andwill be sligntTy unstable when firs^ turned on uht.iFthis moisture has 

%. . > * been driven-.off by tfie heat of the. operating- tube. Fpl 1 6w - the manu facturer »s ; 

W ■ d1rect1om*f oV-warm-^p Is ■cldselfea's possible; ; . j , \ :'< ■ 

W " " ■ •'- " **- • 

* One last ssource of error, can be the. standards': themselves. Manufacturer's 

I'h 1 -' standards, Usually provided with .the .instrument.of at least Available as 
• ' an optional item, arfr-secpndary' standards imd should .be monitored with m% 



T\e condition of the sample, tube itself can cause incorrect readings. Scratches 
or any etching will scatter light, leading to higher readings. Finger prints 
or dirty tubes can cause low readings by blocking or absorbing light. The 
sample tubes should be handled only bri areas. which do not contact the light 
.«* beam. The tubes should be kept-e-lean and discarded if they become, scratched 

or etched. <i 

' •• ' - . ■ ?•*'., 

Stray light* reaching the detector can cause, significantly higher readings, 
s Usually the inside of the cell compartment and the cover of the cell com " 

V partment are blackened by the manufacturer. This is done to absorb all 

scattered and/or transmitted light..' Scratching the J surface and exposing „ 
shiny metallk areas Should be-avoided. The sample cell conditic-n, i.e.. 
is it scratched, will also create stray light. Consequently, trie instrument 
, . should be designed so that littler'stray light reaches the detector when 
there is"no : turbidity. - 




Be* primary standard, formazin, to check for deterioration.* When formazin 
is prepared, 'only the stock is stablerfor longer than one week. Consequently, * 
the age of the standards must be watcfoed closely. The quality of the. water 
used to dilute the formazin s'todk must be turbidity free. 

In order to determine if the dilution water is turbidity free, first pass 
it through a membrane filter having a pore size no greater than lOCWym.^ It 
is best to begin with' distilled water as the filter-will clog rapidly^with 
any other water. The membrane use'd in microbiological work can be use'd. If 
water so filtered shows a lower turbidity than thestarting product the ' 
filtration should become routine or a new source of water sought. Usually 
the first 200-ml : of filtered water fs discarded in case the filter itself 
has any small materials in the pores. If there is no difference between 
the filtered. and unfilteredwaters the filtration step can be omitted. 
The filtration- step should be done periodically, particularly if the source, 
jaf water changes, to check for any changes in the' quality of the water. 

Meter Units _« < , 

•» ■ " 

The early measurements of turbidity were done on the Jackson turbidimeter. 
Consequently, over the years much data-have been accumulated in the. Jackson 
' units (JTU's'). With the acceptance of the nephelometer as the standard 
measuring device nephelometric turbidity units (NTU's) came into use. When 
standardization of the nephelometer with the formazin polymer became mandatory, 
formazin turbidity uni^s. (FTU'sjt came <ibout.. And finally the National Interim 
Primary Drinking Water Regulations express the limits in turbidity units- ; 
(TU's). ■ * 

• 

Since' there is no direct relatibnship/between the intensity of light 
scattered at 90° and the .Jackson turbidity, theje/l^jDuvalid basis, for 
the praetice of calibrating a nephelometer in terms of JTU's. However 
the turbidity of a given concentration .of formazin suspension is defined 
as 40 units." This same suspension of formazih has an approximate turbidity 
of 40 JTU's when measured on the Jackson Candle turbidimeter, therefore, 
nephelometric turbidity units based on formazin will approximate units 
derived from' the .Jackson turbidimeters but will not be identical to them., 

The EFfa "Manual of Methods for Chemical Analysis ofc Water and Wastes," 1974, 
states, "NTU's are considered comparable to the previously' reported formazin 
tur&idity units- } (FTU's). and Jackson turbidity units (JTU's)." Most instru- . 
-<4iien'ts now in use are. calibrated/in. NTU's. 

A calibrated 'curve should be" prepared; for each range of the instrument by 
using a series of dilutions, of the standard formazin turbidity suspension. 

Each "manufacturer of turbidinieteff chooses the' scales and* range of hi§ 
instrument.. As mentioned, a. sample turbidity above 40 units should not 
. be. read direc tTy without -di 1 u ti on i S i nee the . turbi di ty of . the raw water , 
is not required to Wmonitpred' to comply with the regulations, its turbidity ,. 
may* be read directly .unless-'. its. reading 1s above -the^instruments highest 
scale. If this is the case, the* analyst can dilute the sample until . 
@. reading can : be. obtained and. then multiply his answer by the dilution, 
- fadtdr;. / ■ ' 



The following formula may be used for the dilution. calculation: 

Turbidity. Reading x (V s +V d ) 

Turbidity-of the undiluted sample 3 — sr " ' • 

s 

Where: V„ = volume of sample used (ml) 

* \ ' ' *' 

. Vj ■ volume of dilution water used (ml) 
a 

• Turbidity Reading = .turbidity reading of the diluted sample - 

Because many treatment, plants regutariy monitor their raw water, turbidity 
. instruments will usually read at least 100 turbidity units, with the lower 
scale reading in tenths, of a turbidity unit. The purchaser of a turbidimeter 
should assure themselves of sufficient range to meet their needs. 

Standardization » 4 

A. Historical * " 

Over the years' a*variety -of materials have been used to 'standardize the 
instrument. It has been one of the more perplexing problems connected 
with the measurement of turbidity to find a standard which was reproducible 
when made by different analysts. A. standard must be^uniform in particle 
size, number, shape and surface area, all parameters which would affect the 
turbidity value. Some of the materials used over the years were: 

Naturally turbid waters (clays) * * 
Diatomaceous earth . f 
Fullers earth 
Kaolin 

Barium sulfate 
6 round glass 
Silicf 

B. present Standard ' * , '• 

For various reasftns, mostlyy however, the lack of reproducibility, these 
materials fell rfrom use. The formazin; polymer, which gained acceptance 
as - the* turbidity standard reference suspension in the brewing industry, is 
now used as 'the reference^turbidity standard for water. It is . easy to 
prepare and is' .more reproducible i n it's light scattering properties than 
-any iof the others previously \used. . . ' 

The stock turbidity suspension (formazin) is produced by reacting given 
weights of. hydrazine sulfate (^NH^-H^SO^) and hexamethylenetetramine • 

((CH 2 ) 6 N 4 ) 'in distilled Water, and allowing the mixture to stand for 

. . 24 hours at 25 + Vc. Any diltu ions of ihe stock should be mide up weekly. 
When the stock: is -diluted by a one to ten, factor,, a standard suspension ; 
defined as 40 NTU is obtained. Exact directions for producing. the stock, 
and standard suspension can be found in references one and two or in the 

. ..laboratory; section •}n;Jtbis manual; 



Stocks Commercially Available (Addresses in Appendix) 

The stock turbidity- standard can be purchased or prepared. The following* 
list, while not complete, serves as an example of. available materials. 4 

* 

The dry chemicals* can be purchased from various companies* in different 
grades and amounts. .The analyst should purchase small amounts of the 
best grade available'; -usually an ACS, reagent or analyzed grade. Both 
the starting materials (hydrazine sulfate or hexamethylenetetraminekcati be r 
purchased from these companies: f % 

. " . Hexamethylenetetramine • Hydrazine Sulfate 

Company * Catalog No. , Catalog No. 

irrTBtkert-Co^ ' " N145 • WT^ 

Fisher Scientific Go. H289 * . Ji320 .. v— 

MC/B-Sargent-Welch HX-0280 * . c 14X-0575* 

A.H. Thomas C-389 « ■ C-393 

Hach Chemical Co. ' 1878-34 . 742-26 

The Sargent-Welc.h Scientific Company provides the two chemicals in solutions 
which can be used to prepare the stock. They may be purchased in one pint 
quantities a$ Stock Trubidity Solution I.rhydrazine sulfate (SC-17345) and 
Stock Turbidity Solution I I -hexamethylenetetramine (SC-17346).- 

The Hach Chemical Company phwides one pint quantities of a formazin stock 
solution of 4,000 NTU's (2461-11) from which dilutions can be made. 

fisher Scientific Company in conjunction with the HF turbidimeters provides 
a service which delivers by courier at three week intervals a kit which 
^contains three ampoules' of 400 NTU stock already, prepared and three bottles 
of turbidity free w*ater for dilution purposes (15-393-3). 

ATI the aforementioned materials are used to prepare the primary formazin 
standard which should be considered as separate from thesecondary standards 
that are available -from all companies which produce turbidimeters. These 
secondary standards are sealed -in vials and can bemused jto' standardi ze 
ther instruments. The document used to set down tfie criteria 'for certifi.r 
cation of laboratories doing analysis for compliance with the'NIPDWR suggests 
the'following: . "Sealed J.iquld turbidity standards purchased from .the * 
instrument manufacturers must.be calibrated against properly prepared 
'and .diluted .formazin standaVls at 'least every four months- in order to moni- 
tor their eventuaT deterioration,'" and continues to say, "These standards 
should.be replaced When any. major/change from, the previous 5 calibration 
oqcurs. Solid turbidity standards composed of plastic; glass, or other 
materials are .not reliable and shoulcTnot be used." . § / 



When an instrument is"to be calibrated, the analyst 'should at least calibrate 
the range to be used, and preferably all ranges of the instrument. The in- 
strumentiftould, not be. calibrated on ajiigher scale alone, when a lower' 
scale is. to be used. Most. instruments are calibrated at the factory, however 
" a number of things, can cauie the instrument to lose its calibration. Conse- 
quently, the instruments calibration should be checked prior" to its use.. 
The secondary standards may be used, if monitpred, to check the calibration 
0*f the ranges. ... . * 



Available Instrumentation ' : 

.There are a number of Instruments that meet the specifications as published 
in the references included. in the NIPDWR. Each company may have a number of 
rapdels that differ, for example, battery powered or line operated, etc. 
The companies listed below are those companies known at the time of pre- 
paration of this material and should nfa.be construed as complete or as an 
'endorsement. The user of a turbidimeter should contact any or all companies 
to find out what is available and their costs and, specifications. 

Bausch and Lomb (B&L) - a-ttachment to the SpSctronic mini 20 spectrophotometer 

also available from chemical supply catalogs 
Hach Chemical Company . ~- 

HIAC Instruments 

Hydroflow Inst. (HF) - Fisher Scientific Company 0 
Monitec 1" 
Resource Technology- 

Sargent-Welch % / 

Turner Designs * 
(See appendix for addresses.) 

Reporting Results 

*« 

Both the standard references, 1 and 2 at the end of this unit, cover reporting 
by listing the extent to which the number should be carried. Report turbidity 
readings 1n accordance with the following schedule: 

s 

Turbidity Range in NTU's Record to the Nearest 

0 - 1.0 

1 - 10 
10 - 40 
40 - 100 

100 - 400 
400 -1000 

>1000 100 

Summary , : ' 

• C - 
In order to comply with, the regulations *set down in the National Interim Primary 
Drinking Water Regulations, a water, treatment plant must monitor its supply at 
least. daily for turbidity. In^an effort at standardizing analytical results, 
...the Nephelometric method as covered in the 13th edition of Standard Methods 
for the Examinat1on,.of Water and Wastewater, APHA, pp. 350-353, and Methods for 
Chemica.1 Analysis of/Water and- Wastes, EPA, pp. 295-298, has been chosen. 

This, nephelometric method measures the light scattered, by 'suspended particles .... 
in the sampfe,, at right angles (90°) from, the path of incident light. The S 
higher the intensify of scattered light, the higher the turbidity. The In- 
strument used to do this has. been standardized by Including certain design 
criteria which, must be followed. * . % ."" ' ^; ' 

Another variable which has been standardized is the material used to calibrate 
the Instrument. The adopted standard, £ formazin polymer suspension, 1s pre- 
pared in a single operation or may be^urchased in various forms from manu- 
facturers of the turbidimetric irfstru.mentatl.9h and/or chemical supply companies. 



0.05 
0.1 
1 
5 
•10 



^ •••v.-:r''-- ;/ '; v '. ! "'"■*'; ■ • v - ■ 

Th« actual* measurement is to be carried out as soon as^posstble after sampling. g. 
Because of this regulation, the actual analysts may .be carried- out by anyone | 
acceptable to the authority,. State or Federal . region. In all probability this * 
will be the plant operator. .The authority should make some effort- to train or 
otherwise assure itself of the capability of the individual to carry out the ■ 
analysts. 4* 

■ 



References: 

/ i\ ^ . ■ 

1. Standard Methods for the Examination of Water and Wastewater, 13th edition, | 
1971, APHA,* AIM, WPCF, 1015 18th St., N.W., Washington, DC 200.36. 

2. Manual of Chemtcal Analysis of Water and Wastes, 1974* USEPA, Technology ' I 
Transfer,* Cincinnati, Ohio 45268. — \ m 

-Jr Manual for the Interim Certification of Laboratories Involved, in Analyzing | 
' Public Drinking Water Supplies, September 1977, USEPA, the Water Supply ■ 
Quality Assurance Group, Washington, DC 20460. 

4. vThe National Interim Primary Drinking Water Regulations. Federal Register, | 
" N Part IV, Vol. 40, No. 248, December 24,. 1975, pp. 59566-59574. 

1 

This outline was prepared by J.D. Pfaff, Chemist, National Training and | 
Operationaljechnology Center, M0TD, 0WP0, USEPA; Cincinnati, OH 45268 • M- 
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APPENDIX 



Addresses of the companies mentioned in., the text: 

«J.T. Baker "Chemical Co. 
222 Red School 'Lane 
Phiil.lpsburg, NJ' 08865. 



\ 



Sargent-Welch Scientific Co. 
10400 Taconic Terr. 
ClnclnnSt't, OH 45215 . 




Baush and Lomb 
.820 .Linden Ave. 
. Rochester, NY 14625 
(Instruments manufactured- by B&L 
can be pruchased ffomjvfsher, 
Thomas and others.) 

. Fisher Scientific So.* 
1600 W. GTeiilake Ave. J 
P.fr. Box 171^ 
Itasca, IL 60143 

Hach Chemical Co. 
713 Duff Ave. 
P.O. Box 907 
Ames, IA 50010 

H.F. /instruments, Ltd. 

105 Nealey" Rd. 

Bolton^ Ontario; Canada- 

(Sold by Fisher Scientific Co.) 

HIAC Instruments Division 

Pacific Scientific 
• P.O. Box 3007 

4719 W. Brooks St. - 
. "Mpntclair, CA 91763 - 

> . • , •' - 

HC/B Manufacturing Chemists 
29,09 Highland-Ave. 
Norwood , -OH* 45212 • 



V © 



Jtoni tec-Monitor Technology, Inc.. 
303 : Convention Way . - . 
Redwood City, pA 94063 * - 

'\Resounc6^TechhoiogY - ; 1 

r pvQ. box 13452 :: ;v. 

University "Station * ' • i 
Gafriesvllile, ft -32604' s 



Iff 



A.H. Thomas Co. 
.Vine Street at 3rd.' 
.Philadelphia, PA 19106 

Turner Designs 

2247A Old-Middlef.ield Way 

Mountain View, CA 94043 <. 
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Laboratory 'Procedure: * Calibration and Use'of a OPD Kit 



I. Introduction . — * • r *s 

"' ' . . <- 

This procedure is basically to calibrate a kit against potassium permanganate, 
and -to determine the free cnlorlnein a water sample. It should be pointed ' 
out here that 'tht? procedure Is applicable for drinking water analysis only 
not for w'astewaters. Wastewaters j«y use the DPD method, but not In the .kit form. 

v , * ' , « . 

"The suggestion ^.calibrate the* visual standards, color wheel or sealed v1als $ - 
comes In the document being used as criteria for certification of laboratories 
doing analysis of drinking waters.-^ The reasoning behind the calibration is that 
the standards can fade or discolor and the color* produced in the sample can vary 
with different batches of reagents. Consequently, a calibration and checking ^ 
program is suggested to be carried out at intervals. of every six months for the 
standards and each, time a new batch of reagent is used. 

The sample talcen to be analyzed for free chlorine should be run "as soon as 
possible or'within one hour. It may not be preserved. Also, duetto the* number 
and location of samples being taken, the test will most probably be carried ou- 
in *the field by* the sampler. Consequently, the kit form was allowed. 

H. Reagents / • * 

The reagent, N, N-.diethyl-p-phenylenediamine and the phosphate buffer are best 
used as prepared by the manufacturer of the kit being used. Consequently, 
purchase of the combined reagent is recommended and the preparation will not 
* be covered here. See the references for directions if needed. 

A. / StSck- potassium permanganate solution 

- Wefgh out 8.91 grams of potassium permanganate (KMnQ 4 ). Transfer this 

to a 1000 ml volumetric flask. Add about 500 ml of distilled water and 
stir until dissolved. Add distilled water to. the mark. '■■ 



The weight of the potassium permanganate has been increased tenfold to allow 
the use of. It nonanalytical balance.. This wiTl allow purchase* of a balance 

I fort" the treatment^ plant with sufficient accuracy to prepare the solution for 
\. • under 'Seventy. dollars*-*' ' 
. „■•••• * - • • -\r. ... 

;>-< -, 

. jftdd about *56^ to a 10*0 ml volumellric flask* Transfer 

% - . wtth-aj$^ of the stock potassium permanganate solution 

I" i npa tfle; 100: ml volumetric flask/ Swirl until mixed,v Add distilled water 
. ' ^o^e'iar^ , T *' ~^ ' . ' ^ '1 ' ' ■ t 



r'aeventy\ dollar 
B; v inter^i &!te :pp tass i uifcpe^^na te solution^ X 



' ... * . . with, a volumetric plpet 1.0 ml of the intermediate potassium permahgana-te . 
mU • . -solution il.hlb,|he? 100/ mil', volumetric flask.; Swirl until, mi xe'd. Add distil 



C^\5tanda^ - .'5; 

Add aboutV SOcml bf,.disjfcllle^water to a 1Q0 ml volumetric flask. Transfer 




led / ? 



D. 



Wutlon series for calibration of - the ' nfenufact.uren*s standards ■< 

Prepare the standards calibrator) "•series) to cover the range of the . " 

manufacturer's standard^your kit, «se the 'table below Prepare the 

solutions in 100 ml vol umetric-"fl asks. Dilute with distilled water. ^ ■ 

.ml of' / " V> * Concentration CI 

Standard KMnOyj / . . ml -of Water mil ' | 

. 0.0 ./' ; * 100 \ . 0.0- ^ t . . 

2.0 * 98 0.2 '. I 

1 — — — • - * ■sr. 



V 



•/ 

4.0 * 96 OX 

6.0 .'. * 94 . 0.6 ' • • |. 

8 ; 0 - • 92 - 0*.8 • ' . , 1 

10.0 . *• & • . 1 '° 

15.0 . " 85 .1.5 

20.0- 80 : 2.0 

70 3.0 



; 30.0 
III... Instrument Preparation 



I 

f 
I 

The sample containers should be kept clean by rinsing with 

Occasional cleaning with a detergent and rinsing with tap and finally with 

distilled water should be done. The tubes should be handled-near the top to ■ 

prevent smudgltig the area where viewing takes place-. Wipe the- tube with a.soft , I 

tissue before, placing it into the comparator. , . 

~CfieYk to- see that the proper disk has been inserted in the comparator if this , | 
• ' is the type in use. It .is possible .to ifce this comparator, for .different 

analysis by replacing the disk. • • . \ 

The Dreoared reagents usually are purchased in lots, of 50. Depending on the 

■ numbeT of chlorine determinations that riust be carried + out, arger numbers of • , 

reagent packets should be purchased. This will prayent running out in the . | 

middle of a series of samples.and will necessitate less checking.- _ • . f % 

• > . • . . _| -- ; 

IV. Instrument Standardization . ^ . *" • ' ■? 

This-entire* procedure should be carried out upbl^receipt of the cojor wheel or '• vg 
block and: standards/, Thi* wi li chen cal ibrate-these^tandard^and there^fter^^ | 



this procedure shouid. be Tarried, out about every 6 months .' fine or two potass nui 
.permanganate sol utions.shou.ld be-fnade and used when ^Jj^^^f^Knt 
used to see. it the .same amount of color is produced as was w^th ±he,old reagent.. 
Follbw.ythe stepsVbelor. ' N 



A. cMibrati on of visual standards * * i '>"'"*. 

- . u Prepare a series. of potassium pejtaanganate. solutions that wjll cover.the 
;. entire' range *of the/ manufacturer^ sta^ ?i 

^.f-^2-.,. Rinse the sample .contained wi th the least concentrated solution. If 
/ r : two-containers ^re ; used^rlnsfi both. ,L - ' - . . 



i 



I 



I 



" 3* . F111 the tube to the-mark with the least concentrated solution. If 

f • two sample containers are used in your type kit, fill both. 

i' 

■I . 

I 
I 



4. If two tubes are used -for each sample analysts* (Hach, He11ige),w.cap 
one tube, wipe* clean wi|h soft tissue - ajid r insert- , fnto the' blank- position; 
of the comparator. This fs usually the^Telft hand position. 

. • ♦ • . • > ; . ' 

5, Add the reagent (one tablet or the -contents of -one ponder container) to 



the sample tube. 



Clip and mix well. Not all reagent must dissolve to produce 0 a correct 
value. V ^ ' ; 



7. * Insert inljo comparator. * 

8. Hold comparator up to the light (window*, lamp, sky, etc.). 
9>* Match standard color with sample colors — 0 

10. Carry. out s 6 teps°6-9 Within one minute. ' 




11. Record reading, i.e., which manufacturer's standard matches the eolor 
in the tube. , 4 v . 

. . r v 

12. Remove sample container(s). -* 

13. Repeat steps 2-11 using all other prepared potassium permanganate 
/solutions,, working from low to ^gh jconcentratibns and recording all 

readings* > 9 * 

"These readings should be recorded in a permanent^manner (in ink in a bound 
notebook) and dated. ..Ihey^may be plotted if desired". Future calibrations 
can be compared tb pas t* readings Jo.check, on deterfoRftjpn of '.standards. 

, If other dete^fi natibns such as combined or total chlorine e are to be 
carried out, check the directions of*the manufacturer. 



8. Chfeck of New. Redgent 



1. Choose : twq of the concentrations of fatas^ium permanganate which # were *f- 
used to calibrate : the Visual standards (Section IV. A, Step 1). \ 

N 2. * Prepare these do] tfti oris- (table 7on Page E4-2) ; ^ ' 

"C Carry out steps. 2-11 ,(lV. A) for each. * " * . - 



4.. If the same'values are obtained,' proceed with sample; analysis. 
5. 



L If the samle values are not/pbtained, prepace; th& : ^es.t of the, potassium > 
fi - pennanjan^tV ^ \' : : \ v;^| 



6^ Record: hew .valuer ari3M? avail aKfejrlttt nuSiber of .reagent (found 



da reagent ^package) fri the same place^ as old -values were recorded 



13 



ft' 



1 ' * J 

v; Sample Analysis . • , '. ■ ' r . r 

If colors 'are -produced in the sample that exceed the highest .standard, dilute the 

* sample with distilled water. Diluting in half, i.e., one volume, of sample and 
one volume of distilled water, should provide. sufficient dilution , Mix the re- 
agent (powder or tablet) with the distilled water before adtfttf the sample. 
This way any interference in the d-i stilled water will react with the reagent. 

, before decreasing the amount of free available chlorine. Multiply the reading 
obtained by 2 i-f diluted in half.. * 

Be sure to fi'll the«sample tubes to the marks'- provided. The^ mixture and. amount , 
"of reagents are dependent upon this, volume. ^ r 

With some comparators, an e^mated value may have to be^made if there is no 
exact color match. To do this; find .a color that is Weakeruani^ne^that is 

* stronger. than the sample. color and report the. middle value. . . • - 

To determine the sample value proceed 'by carrying out the, following steps: . .. 

# • I * ° * I 

* - 1 < " • . 

1. RinSe the tube(s) with the sample three' times. . , 

*■* * • 

ll Fill the tube(s) tovfhe mark with the sample. 

.3. Wipe the tube(s) with a soft tissue.- • "» ' 

* . ■ ~ ' •. - " J 

4. Add the reagent to only pne tube. f a • 

■ J 5. Cap and mix to. dissolve (not all reagent^nust dissolve to^ produce the 
\ correct value). • - ' * t , ' v ' 

Insert the tube with the reagent vnto the comparator (usually the right- 
hand opening in those comparators jusing twb sample containers). The tube 
3-ithdut the reagent Is inserted in the left hand opening (.consult manu- 
facturer's directions) ., . • 

7'.-' Hold comparator up to the light (window, lamp, etc.). . . v 
8. 0 Mcfke'. reading within one minute (steps 4-8). - , « 

"9. Record the matching or intermediate reading. 

* * , 

(o'b Remove sample containers and rinse with distilled water or next sample. 
" \ Be -sure any excess reafaent.from the previous run is removed. - 

VI. Instrument Care •'. ' , , t 

. ' •* ""<■ 

The comparators easily cared for. Keep if clean (wiping off dust),. This Is, 
best done by keeping it in its box. * Keep the visual standards (colorjheel or- 
• .ampules) .out of direct sunlight and prevent physical abuse.- . . . 

' Should-the visual standards-be broken, or dfffer significantly from the . 
potassium. pennangepete solution values (in the calibration steps) purchase £ 
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If the color wheels are switched with others, for example pH; protect, those % 
not- tn the comparator by keeping them in their orfgtnal container and out of 
direct sunlight. - • .*• * 

VII. Summary • 

lifts outline was prepared to cover the determination of free ^chlorine* in 
_4ri,nki.ng water-supplies" by the "W form of the DPD test. Calibration of 
the' manufacturer's visual standards should be carried out.ever/6 months to 
^"^ mohitor "deterioration of the standards. New batches of reagents should be . , 
^ t checked against two of the same*standards >< ^5d-<for calibration, prior to . 
' use on samples. * 

The, "Kits" can "determine other forms of chlorine, but these 'procedures, are, not 
v given here because .they are not required to be measured -as is the free form. 

. . " References^.. ' ^ ' « . ^ ^ ■ ■ - 

. }. -Standard Methods for the Examination^ Water and Wastewater, 13th and_ 
■ _ . 14th editions, T97f and 1975, A'PHA, AWWA, WPCF, 1015 18th .St., NW, 
S Washington, DC 200'36. . b * 

•J- . .2, ' Manual of Chemical Analysts of Water and Wastes, ^974, USEPA, (Technology 

■ > Transfer, Cincinnati, 4 Ohio 45268. " . . 
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3. Manual for the Interim Certification of Laboratories Involved in Analyzing 
Public -Drinking- Water Supplies, September 19B', USEP A,. J"he 'Water. Supply - 
Quality Assurance Work Group, Washington, -DC 20460. *. •* V. . v , 
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| Operational Technology Center^ MOTD, OWPO, USEPA, Cincinnati, OH 45268 
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- laboratory Procedure: Calibration and Use .of a- Nephelometric Turbidimeter' 
I. Introduction ' f 

m 4 * ♦ — 

^ The following procedures include the preparation and calibration of the Formazin 
\* ^standard as well as the directions for the use of the turbidimeter. -It should* . 
be pointed ou£ that the manufacturer's sealed ampules are not formazin, but have 
been standardized* ag"ainst formazin. This makes thenf secondary standards. In 
• addition, they will not rematn stable indefinitely and should be monitored 
against formaz-in standards regularly to check for deterioration. They should 
be checked at the minimum every four months; more often would be preferable. 
'The dates on which they are monitored and their values should be recorded to 
give evidence of the regularity of monitoring as well as to p royjde evidence 
of when 'they 'deteriorated. - * \ ~ *m 

Mot all sections need to be done and^the analyst should read the entire * 
procedure * and determine which sections appl^to his circumstances. 

... . * 

IL , Reagents* ^ ^ - 

A. Turbidity Free Water ^ 

Determine the turbidity value of the distilled water before and after, 
filtering it through a membrane filter having -a pore size no greater than 
-1 00 vim. (the |Mter used in bacteriological work can be used). Discardi the 
first 200 ml or^ filtered watprv If the turbidity js lower,. use the filtered 
wattr, .otherwise use the distilled water. The water with,. the lower turbidity 
. should be used to make up all standards, and dilutions. Prepare fresh for 
. "» each preparation *of standards, 

B. Stock Jurbidity Suspension (400 Ill's) . % 

~ * ; „ 1. From d^y chemicals: Dry^themical vsbould lie discarded if caking or 
' . discolorization occurs or if standards prepared firom the chemicals 
do not compare with previous ones.. . * • 

a. : ^Solution r-*Bissolv.e X:0O~gram of hydrazine sulfate,, (N^^^^f* 

• t ." * . in turbidity* free, water and dilyte to 100 ml with turbidity- free 

* • ' ' water, ~1rj. a volumetric flask: The,them1ca1 carv^ weighed on a* - 
balance that has 0.01 gram sensitivity.- - 

. b*. Solution 2 - Dissolve 10.00 grams of hexamethylenetetramjne 

• '(CHgJgN^ in turtfidlty free water and dilute to -l6b ml with . < • 

1 - . turbidity free water fn a volumetric flask. The chemical can 

be weighed on a balance that harO'.'Ol gram sensitivity. 

*«- c. Suspension] J -,Add^ 5.0 ml of solution 1 and 5.0 ml of solution 2 to 

a.*100.ni1 ^lintelbrievflaslc^' Mix, allow to starjd 24 hours. at 25>+3°C, 
then^dtlute, with tifrbtdity free v/ater to 100 ml and ml*. The . 
turbidity of the; suspension is 400 units. Prepare the solutions and 
; - ; - - 'suspension fresh: monthly. * • ^ 

► cffitURfii. Tab. J2.8. 78, ' .*'.•' ,. ' ^> " 



_ ^. 2 V . Frojn solutions: ^As purchased, for example from Sargent-Welch. 

* - Suspension V-'Add 5.0:"ml of solution 1.(155 hydrazine sulfate) and" 

** 5.0 ml of solution 2 (10% hexamethylenetetramine) to a 100 ml volu- 

:' , metric flask. Mix, billow ,to stand 24 hours' at 25 + 3*C, then dilute 

with turbidity free water to 100 ml and mix. The turbidity of this 
suspension is 400 units . Purchase solutions fresh monthly, prepare 
suspension fresh monthly. — 
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' 3. From suspension: As purchased, for example from Hach 

Suspension 1 - Add lO.^p ml of the purchased stock (4000 unite) to .a I 
100 ml volumetric flask. Dilute, with turbidity free water to 100 ml ■ 
and mix. The turbidity of this suspension is* 400 units . Purchase 
stock and prepare suspension fresh monthly. 

C. Dilutions • . . . ^ 

Prepare a dilution of stock standard (400. unit's) for each scale of the I 
turbidimeter. Since the number of scales on each instrument may vary, 
-—make only those needed from-the table below. Prepare in labeled 100 ml 
volumetric flasks, pipet with volumetric pipets.^ 
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Dilution 
Number 

Stock 



ml to 


*• 


ml of 


Turb. ' 


Calibration 




Add 




Water* 


^TU'.s,),. 


of Raoge 




lOChnl 






400 - 


0-1000 




10 ml 


Stock* 


90 


40 


0-100 




10 ml 


Dil. 1 


90 


4 


- " 0-10 




10 ml 


D11. 2 


• 90 " 


0.4 






10 ml 


Dil. 3 


90 


O.QA 


. 0-0.1 





Vbf-* " • 1 

- 2 

3 ' •• 
- . 4 

/Use turbidity free water for all dilutions. 
Prepare all dilutions fresh weekly. 

- „ • *o * 

III. Instrument Preparation 

«# 

A. Warm-up . 



I 

i 
i 
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Follow manufacturer'^ directions for warm-up. .Set 'instrument on highest . ' ^. 
scaje between readings^". Turn off only if instrument is not to be used for .^lM 
longer periods .of time. Line operated instrument can be left on all day if .%-.. / gf 
userwarrants 'it. ^Battery operated should be turned .off to conserve batteries, 
if no runs are; to be made °for reasonable (about one-half hour) intervals a 'm 

nf •Ump. L ■> 

5l 

scrupulous<ly>cl£an? If raw, water 1s. analyzed and any .grease or oil is ... • 
presejit, organic solvents sucfi as alcohol or acetone* should be-'used to re-. 
u move any oily residues. Otherwise, the, tubes may be rinsed with turbidity k fl 

free water. .CTeatoirig^he-liubes .w11to*&teWnt shou.ld.-be done -only, when . 
l:,>v necessary in -order to ; preveni the possl^ij.ity.of scratching; the tubes with . t m. 

- the:-b*ush an^/or the 'deiergent.-' Tubes. Sjfculd be. discarded 'when 1 , they become m; 
'scratched or etched. « J .A:* " • ; 'Av : " : '/ '.' Ti J ' \ V 

^;;.-r-/;.:' ,r - ;^-v,-s^^ ^ v* L - I: • - . v§ 



of time. 
B. Sample Tube. Gleaning 

Sample 4ubes>to4>e used' with the avail able, instrument^ should be 1 kept 



IV. 



C. .Stale*-. .... ■-. 

. If an Insert <:ard is used ,as> the scale of the' meter, check to see that.1t 
• ! 1s properly positioned. 

Instrument Standardisation . N . . » 

A.' Initial Instrument Calibration and Secondary Standard Check ' . • 

A.' Prepare about 1 liter (about V quart) of* turbidity free water by * . 
'. filtering distilled water through, a membra rie; filter. See Section IT.A. 
Prepare any additional amount fresh as needed.. 



2. Prepare'or purchase -a stock formazin suspension (400 TU's)^See Section 
TLB. The stock should not be over 1 month old. 




9. 



10. 




Mi 



3. Prepare a series of dilutions of the stock formazin "^uspens1on\See 
Section II. C. Use turbidity free water for all dilution^.. Prepare a* 
•dilute suspension that can be read near mid-scale for eeych 
yo.ur instrument. 

,4. Turn on Instrument* and allow sufficient time for warm-up. 
•manufacturer's "directions. „ 

5. Check instrument sample cells for cleanliness. 1 

6. Set instrument on. highest range. , r v *\. 



•7. Fill cell with most concentrated suspension prepared .in x Step 3 
v Shake well. 

8. Insert 1n~cell compartment. Foil 6"« manufacturer^ directions; a range' 
. * adaptor or cell. riser may have to be put in place with some instruments. 
Care should be taken to wipe the cell with a soft tissue to remove • 
liquid and smudges from the- outside of .the celV . Always handle the 
■cells near the top edge to prevent touching it in the area where the 
light will strike 1t. Place cap on cell before placing it in the cell 
- compartment 1f.it ttas a cap. Allow any bubbles to rise before placing 
cell. in compartment. This may be facilitated by flicking 1t With a 
finger Or inverting it . (with capped cells)."* These precautions should 
' be -carried oWin future- steps Where applicable. , Cover the cell com- 
partment with the light shield. . ■ 




'Adjust -the, reference . adjust' knob to set the reading of the meter 
scale to match the kliowfe value "for the formazin standard. 



If a sealed. vial, secondary standard, from the manufacturer ts available 
for this scale,, remove the'formazin and-replace 1t with the "secondary j . r 
Standard. Check' manufacturer's 'directions as to shading, usually/ 
secondary standards are. not shaken. The secondary standard should .read 
the value' marked on the vial. If not, check the makeup "of the forinazin 
.standard. If it. has been prepared correctly, and the secondary standard 
is relatively new, record the reading obtained wheTi compared with the 
.formazin Standard. - . . . /> 



A.' 



-4 * *, , ^ 
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te« a -v . • " . .. - ••; ■- «- • -■ : • v ■ 

'' v • ' **** « I* 

11. Remove sample cel : l and, discard formazin standard and rinse three times . 
with turbidity .free,' waiter,. then thfee-^imej*.w,ith,/the ;i secp,nd highest p 
turbidity .suspension. \ • ; . ?J 

12. Set the-.range selector .on the next fittest range." Check with manu- . I; 
'facturer's directions regarding the use of range adaptor or cell riser ■? 

user' .... , • • ^ * V. 

13. Fill cell with a standard that can be read near mid scale and place it | 
it the cell compartment. Follow good cell handling techniques. See • " • 
Step 8. .-Cover compartment with light shield. jm 

' 14. Adjust reference adjust knob to set the scale reading to match the 

value o#the formazin .standard. Check any secondary standard available 
that- can-be read on this scale. .**«*• 
" '. ' " ' V 

15. Proceed using the same steps (6- through 11) for all other , scales of the 
'meter. Note any discrepancies between formazirf standards and secondary ■ 
standards (manufacturer's sealed vials). I 

16. On instruments that allow adjustment of each range with an adjustment t m 
1 ' other than -the reference adjustment knob, follow the manufacturer's ^ | 

J 'directions and recalibrate each scale against the formazin standards 

as they are read if it is needed. Record the readings of all secondary • 

* standards and the date, after adjusting the meter against the formalin ■ 
standard. **• 



B» Daily InstrumentfGheck 1 

Just prijor to use df the instrument it must be standardized. .This can be done - r '-\ 
with the manufacturer's secondary standard. A standard should be used that. . m 

will be in the range which the sample" will be run on. In most potable water | 
treatment plants this will be the 0 to scale or possibly even a smaller 

scalt. -Most instrument manufacturers supply a standard in this range (i.e., _ 

a 0.12 mineral oil or 0.61 chlorobenezene). Provided this standard has been ■ 

: . compared toV% formazin standard upon receipt, and at least every 4 months - ■ 

'thereafter,' it can be used. This secondary standard should be discarded £ 

when it fails to give its proper reading against. a formazin standard. ■ 

.1* turiLQn instrument and allow it to warm up. , Follow manufacturer's , ; . ^ 

V directions. % 

••«*•• -Mr 

Z. Set -instrument^ on a- high scale. * • - * J 

3. Insert- the secondary standard for the scale that will be .used for.the 
sample (:f.e., o;i2 or 0.61) frttb the cell compartment. Wipe the con- 
..j. tainer with a soft tissue. fAvoid touching it where .the light strikes it. * .ggj 

v -4^6ove^w-Uh^.l9h't;'ishieid..;.^ .„ „.„ •„**-. 
, '■ • : ' "... , -V ' 4' .'• 
5. Turn range selector to pjoper scale* 



6i flow meter. nee'dVi. to stabilize-.' ' 

m*':. * • ...f. Adjust .meter-.wlthUthe referen.ce*a.djusj knob, to read val^e of standard.. 
t$&$& K . . ; . J.his".val ue, should^ ..bTe.-on^tbe- s^and^ah-d should also be .-recorded in some 
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8. Turn to high range., 

1 9. Remove light shield. . , • 

10. Remove standard. • • _ ^ ) 



11. teplace light shield. ' ' * • 

y. Sample Analysis I 
**■ ,A. Samples above 40 Units > < _ 

|, \ . The references included ^ahe^naj Interim Pr^ 

■ Regulations, Std. Methods 'and EPA Methods Manual, supu. be 

f - turbidity to be measured is 40 un its. ™ bring the reading 

fm / used to obtain some idea of, the . J"^™;5?S3 S b/tS dilution factors Be 

I S?:JrAW^W* h « »ke alliens 

and rinse sample dells. 

I 1. Be sure the instrument is wa.rmed up. 

2. Rinse sample cell with the sample three times. ^ 

3. Fill- cell about 3/4 full- 
I 4. put .on cap.,(if" sample container has one), 
■r 5. Wipe cell with soft tissue." . 

7. Remove light shield. - •* 

8. Insert sample cell. ' * " 
~. g. Replace light shield.- 

r . * • / - * . ' 

jj\ '' .10. ' Allow meter needle~To stabilize. . '> 

' '* r lJ^RelfSrbldity valuer the appropriatejcale. > 

12^ ' Remove light shield; ^v — • k . ; . , 

"* 13. " Remove eel 1 . * " * '/;' 

••*■**«• ... - ' 

. , 14." Replace, light shield. ' . • ' . , ' 

% - ' ,5 ■'■■wVuW.il saMe wtth- one or more vo1u»ks of turbidity free we ter; until, 

ill' -. the turbidity fells.below 40 units.. . 

SjjiY- , ' 16. Remoye.4ight shield..,;; . ^ • - t . ^ ' • , 

v .\ . ' --.•-:„-- ■ - . • • . 

- ' - ^ ■- . :. . ■ ' ■ ■ ■ • ..... • • ■ -, 

sir ^ j i-v • ■ - '• • . • •■■ ■ 1 • j. , . ■■■ • ' A"-~» 

OT^f.-^-j.;'.. l- '4=2- • ' *-. • , -v s :; -^?h 
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30." Replace light sh'ield. 
. 31. Multiply value by the dilution factor (see settion VILA). 
B. Samples below 40 Units . „ ," v 



I 



17. Insert standard (chosen to.be on the same range *as sample will be 
read on). • * , 

18. -Replace light shield. t f 

.19. Select^proper range. . ^* 

20i 'Allow "meter to stabilize. - I 

« > - « • ■ 

21. Adjust meter with reference adjust, knob to read value of standard. 

22. .Turn range. adjust" to high range. • , 
,23,. Remove jight_shield_and^tajidar 7 d-from_celUcompartment,^— -Jj*. 

24. Rinse sample ceYl~three times^Wjth sample, then fill cell with 

sampl^ahd wipe cell with tissue; zr. 
r <■ — , I 

25. Place cell into cell compartment and replace light shield. ■ 

26. Turn range adjust to proper range. . ' | 

27. Allow meter to stabilize. 

28. Read sample value. . " , " 

29. Turn range 'adjust to high range and remove light shield and sample 
. container. * ' > 



I 
I 
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A 

I 

I 

Before attempting any readings, check that the instrument is warmed up, 
• cells are clean and sufficient turbidity free water is available to rinse 
' cells./ Always handle the cell(s) near the top and always wipe cell with . j ■ 
* : a tissue just pripr to insertion into cell compartment. ^Instructions are I ■ 

/> .^Included to go to° high Granges before removihg^He tight shield, this is to. J 

Ck protect the .instruments. foeter from, damage, For samples -pelow/40 units, . m 

1 . • which are ail finished waters, steps 16 through 30 of section .V.A should . ■ 
be : followed.- : \ * v " ' ' . • 

C 'VI. -Instrument Care ' 1 . .\ " I 

When not in. use, the instrument should be^ kept: covered or .closed in order to , ■ -0 

'preveht dust from settling on the ihsjtfument.- The instrument should' be pro;- •, . * |: 
. j^tel'f4^yex$itane.s".in te^fa^e.-nwisture. and '^anpiess, "arid physical efbuse. r jFjj 

. Spare light sources, extra cell sand fuses should be kept on hand so immediate; Jlf? 

;;'■;. •.wb1ace>^tMan'Se ; ^!8,1nVtihe .event of failure or -breajcage-. / - ,. ^f'W. 

- v ; ? "- v ; j. . 

-Maintenance-,sboUld;;be cabried,out by an. instrument service man with the ex*. . m 
cep^ion-ioi^replaceraent- of the ligti* source.. For; other things such as focusing * :1] 
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^ Store the cell clean and 1n a protected manner to avoid scratches and marking, 
• Discard the sample cell when 1t becomes scratched or etched, • 

Protect all secondary standards, the manufacturer sealed giass ampules; Store 
away from temperature extremes, physical abuse and protect from direct sunlight. 

•VII. Reporting and Calculations' * 

A. Calculations ' . ~- 



I 



-X TU 



If 1t is necessary to dl.Ttrte the sample as in the case when the sample 2? I 

turb1d1ty1s above 40 units the fallowing calculation can be used as the , i 
dilution factor: * * 

A x B . ' . A 



, Where TU = Turbidity Units of the sample before dilution 

A * Turbidity Units of the sample after dilution 

B = Volume (ml 1 *) to which Ithe sample' was diluted 

C = Volume (mi's)' of the sample used for dilution. 

Example = If 10 ml of sample was diluted to 100 ml and gave a reading 
of 20 TU, then ■ 

, — ~ — ~«r|| — »»-X U- - „ _ z * _ ' 

C ' • 1 " • 

=; 20_xJ00 = 200 TU , s , ? 

B. Reporting • : 

Report values as* follows: 



TU's 


Record -to -Nearest 




0.0 - ho 


0,05 




1-10 


0,1 




-10-40 


1 


A. 


40*- 100 


5- 




' 100 - 400 


N 10 • 




400' - 1000 


50 




>1000 . 

* 


100 





References: 

1. Standard Methods for the. Examination of Water and Wastewater, 13th and 14th 
editions., 1971, 1975, APHA, AWWA, WP.CF, 10.15. .18th ST.,, NW». Washington ,^DQ,.20036;. 

2. Matfual of Chemical Analysis of Water and Wastes, 1974, USEPA, Technology. **i 
Transfer, Cincinnati, Ohio. 45268.' 
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Title 40— Protection of Environment 

CHAPTER I— ENVIRONMENTAL * 

. PROTECTION AGENCY 
SUBCHAPTER O— WATER PROGRAMS , 
, ' JFRL 464-7! 

PART 141— NATIONAL INTERIM PRIMARY 
DRINKING WATER REGULATIONS 

On March 14, 1975. the Environmental ( 
Protection Agency (EPA) proposed Na- 
tional Interim Primary Drinking Water 
Regulations pursuant to sections 1412, 
1414. 1415, and 1450 $t the Public Health 
Service Act ("the Act'*)*, as amended by 
the Sale Prinking Water Act ("SDWA." 
Pub.X. 93-523). 40 PR 11990. EPA held 
public hearings on the proposed regula- 
tions in Boston. Chicago. San Francisco,, 
and Washington during the monthfof 
April. Several thousand pages of$c6m- 
ments on the proposed regulations were 
received and evaluated. In addition, the 
Agency has received comments and in- 
formation on the proposed regulations 
from the 'National Drinking Water Ad- 
visory Council, the Secretary of Health. 
Education, and Welfare, and from num- 
erous others during meetings with repre- 
sentatives of State agencies, public in- 
terest groups and others. 

The regulations deal only with the 
basic legal requirements. Descriptive 
material will be provided \n% guidance 
manual for use by^public water systems 
and the Stages;. 
The purpose , of this preamble to the 
1 regulations is to, summarize the most 
significant changes made in the proposed . 
regulaUons/as,a result of comments re- 
ceived and the further consideration of 
available information. A more detailed 
discussion of the comments * and of 
changes in the proposed regulations is 
attached as Appendh^A. ' 

Water Systems Covered 

The Safe Drinking Water Act applies 
to.each "public water system." which is 
defined in Section 14ttl<4) of the Act as 
"a system for the provision to the public 
of piped water for human consumption, 
if such system has at least fifteen service 
connections or regularly serves at least 
twenty-five individuals.** Privately owned 
as well as publicly owned systems are 
covered. Service "to the public" is inter- 
preted by EPA to 'include factories and 
private housing developments. (See gen- 
erally. House Report pp. 1647.). 

The definition of "public water sys- 
tem" proposed hi *the Interim Primary 
Drinking Water Regulations sought to 
explain the > meaning of the statutory 
reference to "regula^^^vjce. It was 
proposed ta interpret this tetmSs Include 
tag service for as much.as three months 
during the year. Because the proposed 
definition would have excluded many 
large campgrounds, lodges., and other 
public accommodations which serve 
large numbers of tourists' but which are 
open for slightly less than thfee months 
each year, the definition in the final ver- 
sion covers systdns serving an average of 
• at least twenty^nve individuals at least 
60 days ou|f*r*( the yea£ The use of a 
minimum number of days rather than 



' RULES AND REGULATIONS 

months also makes clear that a system 
may Qualify as a* public, water system 
even if it is not open every day during a 
given month. 

Once "public water system" has been 
defined* it is necessary to define the two 
major types of public water systems— 
those serving residents and those serv- 
ing transients! or intermittent users. The 
possible health effects of a contaminant 
in drinking water in many cases are quite 
different for a person drinking the water 
for a long period of time than for a per- 
son drinking the water only briefly or in- 
termittently. Different regulatory con- 
siderations may in some cases apply to 
systems which serve residents as bpposed 
to systems which serve transients*br in- 
termittent users. Accordingly. § 141.2(e) 
makes-clear that all "public, water $ys-_ 
terns" fall within either the •category of 
"community water systems" or the cate- 
gory of "non4communlty water systems." 
To make clear which regulatory require- 
ments apply to which type of system, the 
category covered is specifically indicated 
throughout the regulations. 

The proposed regulations denned a 
"community water system*' as "a public 
water system which serves a population* 
of which 70 percenter greater are resi- 
dents. 1 " Reliance in the proposed deflni-. 
* tion on the percentage of water system 
users who are residents would result in 
treating some fairly large resort com 



terim Primary Drinking Water Regula- 
tions prior to their effective date. 

Non-Community Systems 

"Non-community systems" are basic- 
ally those systems which serve transients. 
They include hotels, motels, restaurants, 
campgrounds, service stations, ana other 
public accommodations wWch hare their 
own water system and wftteh-ifave at 
least 15 service connections or serve 
water to a daily average of at least 25^ 
persons. Some schools* factories and 
churches are also included in this cate- 
gory. It is conservatively*estimated that 
there are over* 200,000 non-community 
water systems in the country. Howeverrit 
should be recognized that while their 
number is large, they normally are not 
the. principal source of water for the 
people they serve. 

The regulations as proposed would 
have applied all maximum contaminant 
levels to non-community systems as well 
as to community systems.'This'apprqaclv 
failed to take into account the fact that m 
the proposed maximum contaminant 
levels for organic chemicals and most in- 
organic chemicals* were based on the 
potential health effects of long-term ex- 
posure. Those levels are not necessary v 
to* protect transients or intermittent 
'users. Therefore, the final regulations 
provide that maximum contaminant . 
levels for organic chemicals, and for* in- 



munlties with many year-round residents * prgan jc chemicals other than nitrates, 
as 4 rion-comnrorrity systems. Therefore. — — ~_-™«*,i«ih, 



thevdefinitibn of "community water sys- 
tern" has been changed to cover any sys- 
tem which serves at least 15 service con- 
nections used by year-round residents or 
serves at least 25 year-round residents. 
1 Small Community Water Systems 

Many community water systems in the 
country are quite small. Since it is the 
intention of the Act to provide basically 
the same leveUof* health protection to 
residents of small communities as to 
residents of large cities, and since a num- 
ber of advanced water treatment . tech- 
niques are made feasible enly by eco- 
nomies of scale, the cost of compliance 
with Jhe, requirements of the Act may 
pose a. serious problem* for many small 
communities. The regulations seete-to 
recognize the financial problems of small 
communities by requiring more realistic, 
monitoring tfor 'systems serving fewer 
than. 1.000 persons. Variances and ex- 
emptions authorized by the Act can also 
assist in dealing with economic prbbleras 
of small community systems In appropri- 
ate cases, at least temporarily. EPA will 
provide technical assistance on effective 
treatment techniques which can be used 
by small systems. _ ' 

These methods of dealing with the fi- 
nancial problems of some small com- 
munity systems may- not be sufficient in 
specific instances to make compliance 
with all applicable regulatory require- 
ments: feasible. EPA is commencing a 
study * of? potential problems faced by 
smaU.community systems in mceting.ap- 
pllcable requirements under the Act and" 
these regulations, and, if necessary, will 
make additionalladjustaents in.the In- 
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are not applicable to non-community 
systems. An exception was made for ni- 
trates because they can have an adverse 
health effect on susceptible infants in a 
short period of time. 

Even without monitoring for organic 
chemicals or most inorganic chemicals, 
in the initial stages of implementation 
of the drinking water regulations, mon- 
itoring results from tens of thousands of 
non-community systems , could over- „ 
whelm laboratory capabilities and other 
resources. This could delay effective im- % 
plementation of the regulations with re- 
spect to the community systems whidh 
provide the water which Americarh 
drink every day. To aVoid this result, 
non-community systems. will be given 
two years after the effective date of the 
regulations to commence monitoring. In 
the meantime, non-community systems 
which already monitor their water are^ 
encouraged to continue to do so, and the 
States are encouraged to take appropri- 
ate measures to test or require monitor- 
ing for non-community systems that 
serve large numbers of people. 

Of course, non-cojnmunlty systems 
which pose a threat to healttoshould be 
dealt* with as quickly as possible. The 
maximum contaminant levels" applicable 
to non-community water systems there- 
fore will take effect 18 montiis^after pro** 
mulgation. at the same timers. levels ap- 
plicable to community systems. Inspec- 
tion and enforcement authority will ap- 
ply to, non-community systems at the 
same time as to community systems. 

v Sanitary Sukveys 

EPA cnco.urages the States to conduct 
sanitary surveys on a systematic basis. 
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These on-site inspections of water sys- 
tems are more effective in assuring safe 
water to the public than individual tests 
taken in thS absence of sanitary suryeys. 
The regulations provide that monitor* 
ing frequencies for conform bacteria can 
be changed by the eptity \v4th primary 
enforcement responsibility for an indi- 
vidual non-community system, and in 
certain circumstances for an individual 
community system, based-an the results 
of a sanitary survey. * 

Maximum Cojitaminant Levels 

Numerous comments were received by 
EPA on the substances selected for the 
establishment of maximum contaminant 
leyris and on the leyels chosen. Congress 
jtfntifctoated that the initial Interim Pri- 
mary Drinking Water Regulations wouM 
be based on the Public flealth Service 
Standards of 1962. and this Congres- 
sional intent has . been follows^ Com* 
ments received on. the various levels did 
not contain new data sufficient to re- 
quire the>estabiishment of level*; differ- 
ent from those contained in the Public. 
Health Service Standards. 

Water Consumption 

The maximum contaminant levels are 
based, directly or indirectly, on an as- 
sumed consumption ottwejitevs of water 
per. day. The sam e ^assumption was ~used 
in the 1962 Standards. This assumption 
has been challenged because of instances 
where much higher water consumption 
rates occur. EPA's justiflcation/Tor using 
the two-liter figure is that ft already 
represents an above average/ water or 
water-based fluid intake. Mor/over, while 
the factor of safety may be somewhat re- 
duced when greater quantities of* water 
arc ingfested, the maximum contaminant 
levels based on the two-liter figure pro- 
vide substantial protection to virtually 
all consumers. If t as has been suggested, 
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judgmerit. They have withstood the test and sulfates. The National Drinking 
of time and of professional review. They Water Advisory Council has recom- 
are being subjected to further review by . merfded that consideration be given to 
the National Academy of Sciences in con- the monitoring of these constituents, but 
nection with development of data for the^ has not recommended the adoption of 



Revised Primary Drinking Water Regu 
latipns. f* 

MCL's Based on Temperature 

A question Svas also raised as to 
whether ranges of maximum contami- 
nant levels should be established on the 
basis of, the climate in the area served 
bv the public water system, as was done 
with fluoride. EPA"",b*elieves that the use 
of a temperature scale for fluoride is 
more appropriate.than for other chemi 



maximum contaminant levels because 
available data do not support the adop- 
tion of any specific levels. EPA has re- 
quested the National Academy of Sci- 
ences to include sodium and sulfates 
among the contaminants to be studied 
by NAS. and to include information on 
the health effects of sodium and sulfates 
in the report to be made by NAS in 
December 1976. 
Since a number of persons suffer from 
^diseases which are influenced by dietary 



cals because of the studies available on ' sodium intake and since there are others 



the fiuorigejtkemperature relationship 
and becausetiibre is a small margin with 
fluoride between beneficial levels and 
levels that cause adverse health effects. 

*tylCUs Deleted 

Three proposed maximum contami- 
nant levels have been eliminated in Uie 
final regulations because they arc not 
justified by the available data. One of 
these is carbon chloroform extract 
(CCE). which is discussed separately 
below. The others are the proposed level* 
for the standard bacterial plate count 
and cyanide. In the case of the plate 
.counU-lCia. believed that the coliform 
limits contained in the regulations, com- 
bined with the turbidity maximum con- 
taminant level, adequately deal with 
bacterial contamination. However, EPA 



who wish to restrict, their sodium in- 
take, it is desirable that the sodium -con-* 
tent of drinking water be known. Those 
affected can. bv knowing the sodium con- 
' centra tion in their drinking water, make 
adjustments to their diets or. in Extreme 
cases, seek alternative sources of water 
to be used for drinking and food prepara- 
tion. It is recommended that the States 
institute programs for regular monitor- 
in? of the sodium content of drinking 
water served to the public* and for In- 
forming physicians and consumers of Uie 
sodium concentration in drinking water. 

A relatively high concentration of sul- 
fate in drinking water has little or no 
known laxative effect on regular users of 
the water, but transcients using «such 
'water sometimes experience a laxative 
effect. It is recommended that the States 



a water consumption rate of eight liters # can be. effectively addressed only by the 



continues to believe that the standard . institute monitoring programs for sul 

plate count is a valid indicator of *-*-- — ^ x 

bacteriological quality of drinking water, 
and recommends that it be used in ap- 
propriate cases in conjunction with Uie 
coliform tfests as an operational tool. 

The proposed maximum* contaminant 
level for cyanide* was eliminated* because 
the possibility of cyanide contamination 
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per day is used as the basis for maxi- 
mum contaminant level, all of the pro- 
posed MCL's would have to he divided by 
four, greatly increasing the monitoring 
difficulties, and in some cases challeng- 
ing the sensitivity of accepted analytical 
procedures. It could be expected, in such 
a case, that the maximum contaminant 
levels would be exqecded to a significant 
degree/ and that specialized treatment 
technique would be required to order 
thai the contaminant levels would be re- 
duced* The economic impact of a move 
in v this direction would be enormous. It 
is not technically or economically feasi- 
ble to base maximum contaminant Itevels 
on unusually high consumption rates. 

SAtxxy FAcxoas 

A questidh was raised* about the fact 
that different safety factors are con- 
tained in various maximum contaminant 
levels^ The level* are not-intended to 
have'* a uniform safety factor^at Ifeaat 
partly because the knowledge: of and the 
qa|^ s ot-^h^th:ri^^' : tlw various 
wnty^wte.Vary widely./^* levels 
are the Jriwult .of experience, evriuatiem 
of tifc available data, and -professional 



use of emergency action/jsuch as under 
Section 1431 of the Act. EPA's 1969 Com- 
munity Water Supply Study did not 
reveal a single instance in which cyanide 
was present in a water system at a level 

greater than one-thousandth of the level lytical methods, health effects, or occur 
at which cyanide is toxil to humans, p rence in the environment to establish 



fates, and that transients be notified if 
the sulfate content of the water is high. 
Such notification should include an as- 
sessment of the possible physiological 
effects of consumption of the wpter +• 

PCB's and Asbestos 

An interagency comment expressed 
concern for asbestos and PCB's. in the 
environment and noted the need for nt 
least a monitoring requirement, 'if not 
for MCL's, for these contaminants. $P.^ 
is also concerned.ibut for the moment 
lacks sufficient evidence regarding' ana? :- 



Available data indicate that cyanide 
will be present in water systems at toxic 
levels only in the event of an accident, 
such, as a spill from a barge/ collision. 
Maxinium contaminant levels are not 
the appropriate vehicle for dealing with 
such rare, accidental contamination. 

Heptachor, > heptachlbr epoxide 
and chlordane have also been removed 
from the list, of maximum contaminant 
levels at least temporarily in Mew of the 
pending* cancellation and suspensiQn 
proceedings -pnder the Federal Insecti- 
cide^ungicide and Rodenticide* Act in- 
volving, those pesticides.. When .the re- 
sults' of i these proceedings 
again consider" 
mtamiriknt levels 
led. for those .three 
k SopnjK and Si 

A number of cdmmem 
on the potential health 




e available, 
ether, maxi- 
ould be es- 
ticida. 

ATES - 

were received 
of sodium 



MCL's. The Agency is ^conducting re- 
search and cooperating in research proj- 
ects to develop criteria for establishing 
needed limit/ as quickly as. possible. A 
monitoring study on a nurfiber of organic 
chemicaj dontaminants. including PCB's. ^ 
for which *JtoI/s are not being estab- " 
Ushfcd-At this time, will be contained in 
an organic chemical monitoring regula- 
tion that is being pronhilgated with these 
%gulations..JRegarding asbestos, HEW 
and EPA are sponsoring a number , of 
studies this year at an approximate cost 
of $f 6 million to establish health effects, 
anayltical method&and occurrence; . , 



Point op Measurement 



ects< 



Other comments on maximum cob-'- 
taminant levels focused on the proposed * 
requirement that such levels be tested 

' at the consumer's tap. Concern was/ex- 
pressed over, the inability of. the public 

. water system to control potential sources 
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of contaminants which are under the 
control of the consumer. 

The promulgated definition of "maxi- 
mum contairtn^tnt level,'* § 141.2(d). re- 
tains thcrrequlrement that the maxi- 
muxn^ontaininant level be measured at 
the Sip except in the case of turbidity, 
which should be measured at the 'point 
•of entry . to the distribution system. How- 
ever, the definition has been expanded 
to-make- clear that contaminants added 
to the water by circumstances under the 
control of the consumer are not the re- 
sponsibility of the supplier of water, 
"Unless the contaminants sesult from cor- 
rosion of piping and plumbing resulting 
from th*-eiuality of» the tfater supplied. 
# It « should be noted, however, that this 
requirement should not be interpreted 
' as to discourage local, aggressive cross 
connection control measures. f 
Coiifojim Bacteria MCL's { 

The promulgated MCL's for coliform 
bacteria are basically the 1962 Public 
Health Service Standards, with minor 
refinements and clarifications. However, 
further changes may be desirable. For 
example, the MCL's for the membrane 
filter analytical method do not resolve 
the question of how many conform bac- 
teria are assumed to be present in a 
single highly contaminated sample. 
Some laboratories assume an upper limit 
of 50, while others seek to continue to 
\:ount individual bacteria to a level of 
100 or even- higher in a single sample. 
The upper limit assumed will affect the 
monthly average which is calculated to 
^determine compliance with the MCL's. 

, Another question relating to the coli- 
~ form bacteria MCfc's is the matter of 
possifile spurious posUte samples. As the 
regulations are written/all routine am* 
ples'taken to-.determine compliance with 
the MCL's must be counted, regardless 
of the results of analysis of any check 
samples that may be taken. The reason 
for th4$ is that bacterial contamination 
is often intermittent or transient, and as 
a result negative checksamples taken a 
day or more after a positive sample can- 
not, demonstrate that the positive result 
was in error. It may be possible, however, 
to prescribe a means of dealing, with spu- 
rious positive results without compro- 
mising^ integrity of the MCL's.. 

A third question concerning the MCLs 
tor coliform bacteria to/the relationship 
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viewed further by EPA,^If revtew indi- 
cates -that changes in the MCL's are 
desirable,, those changes will be made as 
soon as possible but within 6 months* in 
time to take effect at \he same time, as 
the initial Interim. Primary Drinking 
Water Regulations. 

Organic Chemicals 

The proposed maximum contaminant 
levels for organic pesticides, other than 
the three which are the subject of can- 
cellation and suspension proceedings, 
have been retained. It is anticipated that 
additional^ organic pesticides will be 
added to the regulations if sti|yeys of 
pesticides in drinking wafer being con- 
ducted by EPA indicate that this is 
needed. * * 

The proposed regulations also con- 
tained a maximum contaminant level for 
organic chemicals obtained fcy the carbon 
chloroform extract (CCE) method. It 
was anticipated by Congress that organic 
chemicals would be dealt with primarily 
in the Revised Primary Drinking Water 
•Regulations because of the paucity of ac- 
curate data on the.health effects of vari- 
ous organic chemicals, the large number 
*of such chemicals, uncertainties over ap 




ictions 1445 



cal monitoring pursuant to • 
and 1450 of the Act 

The regulations require that desig- 
nated public water systems collect sam- 
ples of raw and treated water for submis- 
sion to EPA for organics analysis. EPA 
will analyze the samples for a number of 
broad organic parameters, including car- 
bon chloroform extract (CCE),.,. volatile 
and non-volatile total organic carbon 1 
(VTOC and NVTOC) , total organic chlo- 
rine (TOC1), ultraviolet absorbancy, and 
fluorescence. In addition, monitoring will 
be required for probably 21 specific or- 
ganic compounds. Selection of the spe- 
cific compounds has been based on the 
occurrence or likelihood of occurrence in 
treated water, toxicity data and-availa* 
biltty.of practical analytical methods. 
Laboratory analyses will be used to 
evaluate the extent and nature of organic 
chemical contamination of drinking 
water, to evaluate the validity of the 
general organic parameters as surrogates 
for measures of harmful organic chemi- 
cals, and to determine whether there is 
an adequate basis for establishing maxi- 
mum contaminant levels for specific or- 
ganics or groups of organics. 
Second, EPA is embarking on an inten- 



01 sucn cnemicais, uncercauuues over ay- eecona, mrA is emoarMiis o« ua «»bu- 
propriate treatment techniques, and the sive research program to find answers 



need for additional information on the 
incidence of specific organic chemicals, 
in drinking water supplies. EPA thought 
that the-CCE standard might provide an 
appropriate means of dealing ^with or- 
ganic chemicals as a class pendine action 
on the Revised Primary*Regulations. 

The CCE standard was originally de- 
veloped as a test for undesirable tastes 
and odors in^drinking water. As concern 
developed over the health effects of or- 
ganic chemicals, the possibility of using 
CCE as a health standard rather than 
an esthetic standard was considered, 
* As pointed out by numerous;comments. 
CCE has many failings as an indicator 
of health effects of organic chemicals. 
To begin with, the test obtains informa- 
tion on only, a fraction of the total 
amount of organic chemicals in the water 
sampled* Furthermore, there is seriojis 
question as to the reliability of CCE. in 
identifying those organic chemicals 
which are most, suspected of adverse 
health effects; Bv addition, there are no 
existing data on whi$h*a specific level 
ior CCE can be establishedVm a rational, 
? basis. To establish a maximum contami 



of monthly averages of coliform bacteria; nant level under these ^rcumstances 
levels to monthly percentages of positive would almost certainly do more 'harm 
samples. For example," the "monthly av- than good. It couligive a fake sense of 
erage MCL for : the membrane filter jsefcurity to persons served by systems 
method is violated \t the monthly aver- which are witjrfn the rttablteljed level 
age- exceeds one coliform bacterium per and. a false sense of alarm to persons 
-sample .^However, for purposes of deter- served by systems which exceed the level, 
mining whether- the .monthly-percent- It also would divert resources from 
age-^f-positive-samples tiiCb is violated,,** efforts to- flnd v more~ effective ways of 



a s^ple^is counted as p^itiye pnly^f^it 
contains mbre than^four ^coliform bac- 
teria. Thus, Jt is possible,,:>articularly 
when a relatively small , number of sam- 
ples &.t&ken,,,for; astern to fail the 
monthly average MCt even when no siri- 
a# T sampIe r taken during^the^mohth -is 
- out" of < compliance* with > the^limi t 



dealing with 
problem 



the' organic chemicals 



to the following four questions: 

1. What are the effects of commonly 
occurring organic compounds on human 
health? 

2. What analytical procedures should 
be used to monitor finished drinking, 
water to assure that any Primary Drink- t . 
*ng Water Regulations dealing with or- 
ganics are met? « 

3. Because some of these organic com- 
pounds are formed during water treat- 
ment, what, changes Jn treatment prac- 
tices are required to minimize the for- 
mation of these compounds in treated 
water? v 

4. what treatment technology rpustr 
be applied to reduce contaminant levels 
to concentrations that may be specified 
in, the Primary Drinking Water Regu- 
lations? 

This research will involve health- 
effeets and epidemiological studies, in- 
vestigations of -analytical methodology, 
and pilot plant and field studies of or- 
ganic removal unit processes,. Some 
phases of the research are to be com- 
pleted by the end of tins' year, wfcile 
much of the remainder are to be com- 
pleted ,within the next calendar year. 

As soon as sufficient information is 
derived from the monitoring program 
and related research," the Interim Pri- 
fhary Drinkirfg Water Regulations will 
be amended so that the organic chem!* 
cals problem can be dealt with without 
delay. The monitoring process will be 
completed within ! year. . . , _ 

During the Jpterim period, while sat- 
isfactory MCLfe fof f organic coritamina- 



rODiem. , lsiacwry ivzwuut iui uiftumu v,vxav«mi***«- 

.EPA ^believes that .the intelligent tion ifr drinking water are being devel- 

apprqacfc to the organic chemicals ques- oped, EPA will act in specific cases where 

tion is to raove ahead as rapidly as pos- appropriate to with organlp con- 

•iwi a i rtfl l.f ttft frnntc First epa is tamination. If the EPA monitoring pro- 

sible .along 4$o fronte, ^ epajs ^ efh)US spte|flc ^es of 

adopting simultaneojjsly with theseftf- con taminaUon, EPA will work with State" 
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take remedial action. EPA will also aid A key element of quality control for significantly affected. For those users in 

the States in identifying additional com- public water-systems is accurate labora- systems serving 10.000 persons or more, 

munity water supplies th*t require tory analysis. Section 141*28 of the regu- the average annual treatment cost per 

analysis. « lations provides that analyses conducted capita may increase from less than $1.00 

Public Notice - , lor the purjxwe of determining com- for systems requiring: disinfection and 

pliance with maximum contaminant * lead control, to between $15 to $35 for 
The public notice requirements pro- ^ e]s mU5t ^ conmi cted by a laboratory control of turbidity and heavy" metal re- 
posed In § 141.52 did not distinguish be- apwxve ^ &y the entity with primary en- moval.For systems serving less than 100 
tween community and non-community ^^^^ responsibility. EPA will de- persons, the average annual per capita 
public water systems. They would have yel ^ soon ^ possible, in cooperation costs of disinfection, lead control and 
required that public notice of notx-com- witll ^ .3^^ and other interested fluoride/arsenic removal are estimated to 
piiance with, applicable regulations, be partieSr criteria and procedures for lab* be between $2.10 and $11.80. However, if 
made by newspaper, in water bills, and certification, A State with pri- turbidity control or heavy ^metal removal 
by other media tor all public water sys- ^enforcement responsibility will were required in* a system of this size - 
terns. These requirements are inappro- nave - a laboratory certified by ERA pur- thpn costs are expected to range from 
priate and ineffective in the case of most suftnt to me prescribed c^teria and pro- $52 to $237 per year per capita. EPA is 
non-community water systems. Those cedures and in turn will certify labora- aware of the serious potential economic 
systems principally serve transients who w ' itnin the state. impact on users in these small?sys terns, 
do not receive water bills from the sys- Record-keeping requirements and re- However, the legislative history specifies 
tern and who probably are not exposed ^ to ^ state ^ w jn assist in that the regulations should be based on 
significantly to the local media. A more quality con trol efforts. ' costs that can berreasonably afforded by 
effective approach would be to require _ „„ aT> «-„ taTM * large- meti^politanior regional systems, 
notice that can inform * the transient record-keeping Further" economic evaluation of these 
before he drinks the system's water, and Adequate record-keeping is necessary sys tems is being conducted, and realistic 
thereby both warn the transient and f 0T th6 proper operation and administra- op tt on s for these small system^ are being 
.provide ah incentive to the supplier of tion of a public water system. It is also reviewed. Options that will be under con- 
water to remedy the violation. Accord- important for providing information to sideration include less costly treatment 
ingly, Section 14132 as adopted provides the public, providing appropriate data technologies; formation of regional sys- 
that in the case of non-community sys- for inspection and enforcement activities terns; and use of alternative water 
terns, the entity with primary enforce- and providingt information on which fu- sources, fndustrial'and commercial users, 
ment responsibility shall require that ture regulations can be based. Accord- w i ie ther providing their own water or 
notice be given in a form and manner ingly, a new § 141.33 has been added to using public* systems, are not expected 
that will insure that the public usingv the regulations to require that each pub-^ to be significantly affected by these 
the .public water system is adequately Up water system maintain records of regulations. 

informed.* * " sample analyses and of actionsto correct possible "constraints to the implemen- 

The proposed publio notice require- violations of the Primary Drinking Water t^ion of the interim primary regula- 

ments also failed to distinguish between Regulations. tions weie examined. Although there 

different types of violations of the In- , Economic and Cost Analysis wjll be an increase jn demand for chem- 

terim Primary Drinking Water Regula- ^ mnf . pn . o „ nnnmlp<! _ turiv hfl _ icok manpower, laboratories, and con- 

tions. Since the urgency and importance * C ™ P ™S struction of treatment facilities, it is not 

of a notice varies according to the nature been .made °^^^^^^ x ^j anticipated that any of these factors will 

of the violation involv«i §141.32, as ^J^ttt^^ be a serious obstacle to implementation 

promulgated seeks to match the type of *X ™ of these regulations' over a reasonable 

notice required with the type of violation ates the Potential economic impact, and ^ 

involved. Written notice accompanying cons ders Possible f ma ^l a^d labor u ™™£\ e ^ 6 n S giV erfabove. Chapter 

a water bill- or other direct notice by ^ortag^v The results of this analysis *^™™ C Z£ of p g edera i Regulation^ is 

mail is required for all violations of the summarized here. her<»bv amended bv the addition of the 

Xations, including violations of mon- Total investment costs to community gj^™ pS 141 TOeTr^U* 

itorii«j^uirements.andfor^ ^^^^ SJSSSSm «on7wfll IVuSiM 

of a variance or exemption. In addition, with these regulations are <*t^ated to " omulfeation> h 

notice by newspaper and notification to be between $1,050 and $1,765 million. It promuigauou. 

primary enforcement responsibility re- certainty, as to the design flow that wil^r"" 11 **«cuuve y™r 

aulres such broader notice. ' be .used in installing treatment facilities* ' Dated u December 10. 1975. 

Systems not in compliance will have to prr^rTt p tbatm 

Quautt Contxol and Testinc . c * Mider their new^com^rimts to ^ R %i2'or 

, , Ptocwrows . yefl^t average daily flow, conditions, or - AdMnistratox. 

Section 1401(1) of the Act defines maximum daily flow conditions in cases subpart a— General 

"primary drinking wattf regulation'/ to ^where system storage is not adequate. App iic*bMty. 

include "quality control and testing pro- - This investment will be spread over 14 i2 • T^&nitions. 

cedures." The promulgated regulations several years. Investor-owned systems 14 i; 3 coverage, 

include testing requirements for each will bear about one-fourth of these costs, 141.4 Variances and exemptions, 

maximum contaminant level, including and publicly-owned systems the remain- ^siting requirement* f 

check samples- and special samples in der. It is not anticipated that systems will I4i.« jprective date. ~r ) 

appropriate cases. The regulations* also have difficulty. financing these capital re- * subpart a-^aximurrtteontaminant uveia 

specify th* procedures to J>e followed In ^uirements. , ; * , t , 14i.ll ^Maximum . conUinmant /levels*, for 

analyzing samples for each of the maxi- m armuajl terms* national costs are ex- . , inorganic chemicals. ' ' 

mum contaminant levels. These proce- pected to be within the following ranges: 141 .12 • Maximum contaminant levels for 

dures will be updated from time to time >' inmiiiioni « organic chemicals, 

asadvan^aremademaiialyticalrneth. - ^ ^ JSS . 14U3 M " l r bfd?ty m ? 

^ ^l*?5f? P }!Z ^V^TJ&Ih!^* Ofim^Bn^mSSSu^ I 263-263 141.14 Maximum microbiological contami- 

ard Methods for the .Examination of M^^ing ( r Jutine only) 17- 35 nant levels. 

Wa^ahdW*^ ' T 1 . — — subpart C-I^itoring andlgalytlcal 

rent, 13th, edition, ^but/these references ' 1 — $426-545 «w «R#<,ukamfnta 7 

will be changed to eite\the 14th edition Although these aggregate figures are i4Ui Microbiological contaminant sam- 

*wherl it Is avjrflable in the near future. large, most water consumers will not be pung and analytical requirement*, 

• • H$ ■ . - . . .* : • ?*V * . - - . 
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Turbidity sampling and analytical 
requirements; 
141.23 Inorganic chemical sampling and 

. - >*!SalytlcAl requirements. 
14124 ' Organic < chemical sampling and 

' * analytical' requirements. 
141 21 'Alternative analytical techniques. 
141.28 Approved laboratories. 
14159 .Monitoring, .of consecutive public* SU i 
• water systems* 

Subpart D— Ktportlng* Public Notification, end 
r Recordkeeping 

141.31 Reporting requirements. 

141.32 Public notification of variances, ex- 

emptions, and non-compliance 
with regulations. 

141.33 Record maintenance. 1 

Authority Sees M 4 12. 1414. 1^45, and £450 
of the Public Health Service Act, 88 Stat. 166a' 
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(ii), "Non^community water system** 
means a puWc water system* that is not 
a community Wfrter system. 

<f> i4 Sanitari£ survey? means an on- 
site review of fine water source, facili- 
ties, equibment, operation and mainte- 
nance of a» public water system JorJhe 
pqfpose of evaluating the adequacy of 
> source* facilities, equipment, op- 
en and maintenance for producing 
and distributing safe drinking water., 

(g) "Standard" sample" means the 
aliquot of finished- drinking water\that is 
examined for the presence of coliform 
bacteria. 

(to "State"' means*the agency,of the 
State government which has jurisdic- 
tion over public water systems. iDuringv. 
any period when a State does not have^ 



(42UAC < 300g-i.300g^.300M.and300j- ? ).r enforcement responsibility 

Subpart A — General • pursuant- to Section 1413 of the 4c t, the 

tfi/ii i a~~v ^nn "State** means the Regional Ad- 

&14J.I Applicability. minis ttator. XJ.S. Enyironmen 01 Pro tec- 

This part establishes primary, drinking tion Agency, 
water regulations pursuant to section <n "Supplier of water" means any 
1412 of the Public Health Service Act, as 'person who owns or operates a public 
amended by the Safe Drjnking Water « watec system. 
Act (Pub. L. 93-523) ; and related regula 



tions applicable to public .water systems. 

§ 141,2 Definitions. . x 

As used inthis part; th^termi 
(a) "Act" mean& the* «UbUc Health 
^Service Act, as. amended the Saf k e 
/Drinking, Water Act, Pub. L. 937523. >> 
(br^ontaminant* fneaqs any physi- 
' cal,{ chemical, biological, ^pr radiological 
subJtance or matter in water, 

<*) "Maximum contaminant lever 
, mejins the maximum permissible lev 



The y.S. Environmental Protection 
Acfency will not seek jo override land use 
decisions affecting public water systems 
siting which are made at the State or lo- 
cal government levels. 

| 141,6 feffective date. * :: - 

The regulations set forth in this part 
shall take effect 18 months after the date 
of promulgation,, n • 

Subpart B-=-Maximum Contaminant Levels 

§ 141.11 Maximunt contaminant levels 
for inorganic chemicals* 

(a) The -maximum Contaminant level 
for nitrate is applicable to both commu- 
nity water systems and non-community 
water systems. The levels for the other 
"inorganic chemicals apply only to confc 
munity water systems. Compliance rrith 
maximum contaminant levels for inor- 
ganic chemicals is calculated pursuant to 
§ 141.23. 

(B) The following are the maximum 
contaminant levels for inorganic chemi- 
cals other than fluoride : » 

Level, 

• , # t milligrams 
Contaminant * per liC 

Arsenic ... -» 0. 05 , 

Barium 1. ■ 

.Cadmium r — 0.010 

Chromium _* — 0.05 

Lead -0.05 

Mercury - 0.002 

Nitrate (as N),- 10. 

Selenium * 0.01 

Sliver - 0.06 



§ 141.3 Coverage. • - 

Jhls f>art shall apply, to each public 
water system, unless the public water; 
systen^meets all of the foUowing*condi- 
tlonssb^ f 

<a> Consists, only of distribution and 
Storage facilities <and o does not have ajftr 
collection and' treatment facilities) ; ^ 
<b) Obtains all of its wateit from;, but 
is not owned or operated by, a public%a? 
ter system \to which, such" regulatfens 
-apply: * W ~J \% 

a Contaminant in, water which is^le- (c) £>oes not sell wafer to any'persofi; 
liyired to the? free- flowing outlet, of the*- an fc « 9 f 1 

ultimate user of a public water system, (d) jg ft ot & c a rr jer which* conveys, 
excebt in the case of turbidity "where the passengers in -interstate .commerce. * sareix 

maximum* permissible level is measured c , • - * • 7 

atjie ix>iht,qf;en£ry to the distribution $ 141-1 Variance* and coemptions., ^ • 
system. Contaminants added to, the water , variances or exemptions* from certain 11 
under circumstances controlled by t the provisions of these regulations may be * 

user, except.those resulting from corrp- granted pursuant to Sectioris*.W15, and ^, 7 ft.. tf * 12 , 0 . n dbeiovr - 
sion of pipingf and plumbing caused by 14l6 0 f the»Act by the entity with pri- uj tA»$Z .'.'..V.: jlitoile... 

water .quality, ,are expluded from this k m ary enforcement responsibility. Provi- 'JM&g* UtJS •?'!"* 

defthitioh: * sions under Part l&^National Interim ^towfe:;::: JijS&iS:::::::::: 

(d) Person" means an * individual, Primary Drinking Water Regulations \t$a to oq.5 26.3 to 3*5 

corporation, company, association, part- lmplementationrrSubp*it& (Variances) — 1 ; ~ 

~ * ' and subpart F^(Exemptipris) — apply* §141.12 Maximum contaminant levels 
where ,BPA has primary Enforcement 
resporisibility/ - 




(c) When the annual average-of the 
maximum daily aiFtemperatures for the 
location in which the community water 
-system is situated is the following, the 
maximum contaminant leyels.f or fluoride 



mpcralure 
Dcgroci 
'Fahrenhi'it 



Orgns-Jt CVIslus 



Lewi. 
mllUcramd 
p«r llt«r 



2.4 
2.2 
2.0 
1.8 
1.6 
1.4 



nerfjiip, State, miinicipality, or Federal 
agency. 

(e>/*iPublic water system" means|a 
system for the provision .to the public 
of .piped water for human consumption, 
if subh system has at least fifteen service 
connections or regularly serves an aver- 
age? of at leasts twenty-five individuals 
daily- at, least 60/ciays out of the year. _ 
Such term -includes (1) .any collection* public water systeni^he shall nbtify q^e 
treatment; storage, "and dgtribution^a- andf ^ ^ extent prac tlcablei 



§ 141.5 Siting requirements. « 

Before a person may enter into a fi- 
nancial commitment for or initiate cony 
structiori of a new public water system 
or increase the capacity of an existing 



'* cjUUes under control of the operator of 
such system and used prjUnarily in con- 

^hectioh^wfth^such-syst^m, |nd;<2) any 
/collectioh or pretreatment;storage facili- 
/ ties%ot under such\contf 61 which are 
used primarily in connection %ith such 

■y system. A public water-system is either 
-a "community water system'^ or a 4 'non- 
cbmmunity water system."; • >' 
^ Viif "Cotemuri 

a "publiC' watef-Witem' w at 
least' lS^ervice'cbnnections used by year 



avoid locating part or all of .the "hew or 
expanded facility at a /site which: 

(a) K^subject to a significant risk 
from earthquakes, floods, fires or other 
disasters which could cause a breakdown 
of the. public water system dr a portion 
/thereof ; 'pi \ t ,/ , - * 

;,(b) Except for" intake structures, is 
.Within tjie fiopdplain of a lOOryear flood 
.or is lower thaii.any ^ recorded*, high tidd 



roundlrwidentsror^r^arly^^^ v A 

W&tX least"25tyearrrourid;r«identsi /:> A ; where appropriate, records exfc>t. 



tor organic clicmicals* 

The following are the maximum con- 
taminant levels^ for organic chemicals. 
They apply only to community water 
systems. Compliance with maximum 
contaminant levels for organic chemicals 
is calculated pursuant to § 141424. 

Level, 
milligrams 
per liter 

(a)* Chlorinatedj Hydrocarbons; 
Endrin (1,2^;4,10, ,10-hejcacrHoro- 0i0002 
S.T-epdxy-l^, jJa,5,6,7,8.8a-octa- 
nydro-l,4-endo, endo-6,8, - dl? 
me thano naphthalene) . • 
Lindane (i^,3 f 4,5,6« t heiachloro- 0.004 
* cyclohixane, gamma Isomer) • 
l&ethoxychlor (1.1.1 -Trlchiorb- 0. 1 
2, 2 - bis (pfinethoxyphenyl) 
\ ethane) . - ^. * 

Toxaphene (P 10 p 10 a $ -T , echnlgal. ( 0.005 
chlorinated camphene. 67-69 
percent chlorine) . 



I] 

\ 

I 

I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
1 
I 

i 
i 



(b) ChXorophtnoxyt: 
2,4- D. (2.4-Dlchlorophendxyace- o.l 

tic acid). • * 
2.43VTP SttVtX (2.4.5 -Trtchloro- 0. 01 

phtnoxypropionicacld)* , 

§ 141.13 * Maximum contaminant levels 
for turbidity. 

The mftxlnm m Ikn tAmin&n t levels for 
turbidity are applicable to both commu- 
nity water systems and non-community 
water systems', using surface . water 
sources in wholaj* in part* The maxi- 
mum contaminant levels for turbidity 
in drinking water, measured at a repre- 
sentative *ntry point(s) to the. distribu- 
tion System, are: 

(a) One turbidity unit, (TU), as de- 
termined by a monthly average pursuant 
to 5141.22. except that five or fewer 
-turbidity units may be allowed if the 
supplier of water can demonstrate to the 
State that the higher turbidity does not 
do any of the following: 

o (1) interfere with disinfection; 

(2) Prevent maintenance*oTlN^effec- 
tive disinfectant agent throughoyNtfie 
distribution system; or 

(3) Interfere, with microbiologic 
determinations. 

(b) Five turbidity units based on an 
average for two consecutive days pursu- 
ant *to $ 141^2. ^ 

§ 141 *i4 Maximum microbiological con- 
taminant levels* 

The maximum contaminant levels for 
coliform bacteria, applicable to com- 
munity water „ systems and non-torn- 
munity water systems, are as follows: 

(a) When the membrane filter tech- 
nique pursuant to S 141,21 (a) is used, 
the. number of coliform bacteria shall 
not exceed any of the following: 

SI) One per 100 milliliters as the 
arithmetic mean of all samples examined 
per month pursuant to 5 141 .fc (b) or 
(c*; 

(2) Four* per 100 milliliters in more 
than one sample when less than 20. are 
examined per month; or 

(3) Four per- 100 milliliters in more 
than.flve" percent of the -samples when 
20 or more are examined per month* 

•(b)(1)- When the fermentation tube 
method and 10 milliliter standard por- 
tions pursuant to } 141.21 (a) are used, 
colif ortxx; bacteria shall not be present in 
anyof the f ottdwlhg: 

(ii more than 10 percent of the por- 
tions ih any month pursuant to § 141.21 
<b) br xor; 
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(iii) five portions , in more than 20 
percent of (he samples when five or njore 
samples are examined pier month. / 

(c) For community or non-community 
systems that are required, to sample at a 
rate of less than '4"1)er month, compli- 
ance with paragraphs (a), 4b) (1). or 
(b) of this section shall be based upon 
sampling during a 3 month period, ex- 
cept that, at the discretion of the State, 
compliance may be based upon sampliflg 
during a on'e-jponth period. 

Subpart C— Monitoringpnd Analytical 
^Requirements 

§ f4l.21 Microbiological contaminant 
sampling and analytical require- 
ments. 

(a) Suppliers of water for community 
water systems and non-community water 
systems shall analyze for coliform bac- 
teria for the purpose of determining 
compliance with $ 141.14. Analyses shall 
be conducted in accordance with the an- 
alytical recommendations set forth in 
"Standard Methods for ttie Examination 
of Water and Wastewater/' American, 
Public Health Association, 13th Edition? 
pp. 662-688, except that a standard sam- 
ple size shall be employed. The standard 
sample used in the membrane filter pro- 
cedure shall be 100 milliliters. The stand- 
ard sample used in the 5 tube most 
probable number (MPN) procedure (fer- 
mentation tube method) shall be 5 times 
the standard portion. The standard por- 
tion is either 10 milliliters or 100 milli- 
liters as described in $ 141.14 (b) and <c> . 
The samples shall be taken at points 
which are representative of the condi- 
tions within the distribution system. 

'(b) The supplier of^ater for a com- 
munity water system shall take coliform 
density samples at regular time inter- 
vals, and in number proportionate to the 
population served by the system. In no 
event shall the frequency be less than as 
set forth below: 
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*28,001 to 33,000 . '* 35 

33.001 to 37.000 -C.. T 40 

37,001 to 41.000.* 46 



41.001 to 46.000. 

46.001?tO 50,000 

60.001 to 64.000 .£3& 

64,001 to 59.000 JfcA.. 

59.00*1 to 64.000.:^ tr.J^... 

64.001 to 70.000 „ 

70.001 to 76.000 

76.001*to 83.000 

83.001 to 90.000. 
90.001 to 96.000. 
96.001 to 111.000. 

111,T>01 to 130.0O0.___ 

130.001 to 160.000 120 

160.001 to 190.000 130 

190.001 to 220.000 . 140 

220,001 to 250.000 i. 150 



50. 
65 
60 
65 
70 
75 
80 
85 
90 * 
95 
100. 
110 



290.001 10 320.000. 



(ii) three or more portions In ntore-^ 
than one sample when less than 20 sam- 
fbles) are examined per month.: or . ; 

, (itt) thm.^^moifcx^^ 
than>flve^cent>f the samples when 
20 or more samples are examined per 
inoiith^ ' i - " f 

v <2D ;When the fermentation tube 
.method and; 100 milliliter standard por- 
tions pursuant to f 141.21 (a0> are used, 
colifom^bacteria shall not be present, in' 
any of tfiefoUowing:;- " "" 

* '&) more;thak^0 percent of We poY- 
tIqns ; lnfahyfmonth pursuant to il41^l 



population served: 

r 25 to 1,000 

1,001 to 2,500 ... 

2,601 to 3,300 

3,301 to 4,100— 

4,101 to 4,900...— . 

4.901 to 5,500.™ .. 

S.SOl. to 6.700.. 

6,701 to 7,600 . v -.— . 

7,601 to 8,500. 



Minimum number of 
. samples per month 



8.501 to 9,400. .1- 10 

9,401 to 10,300. ... 

10.301 toHUOO™-! — — — 

ii;ioi to i$,ooo;. . 

12,001 to la^od 

12,901 to 13.700, . 

13.701 to 14,000 . 

• 14,501 to 15,600.. ..™ 

15,501 to 16,300. 

16,301 to 17.200 

17201 to 18.100.. 

18^01 to la^OQ^.— Ol— 

-18*01>.tO 19 SOOli...-...^^ 

19,501 to 20.700.il., ... 

2O ? 701*tO 21,500^.... 



(tyrfrtt)^ 

(iiiVflye^porttons^^^ mpre than"' one 
sample ^w^Ite^^-jBye^aoiples are] 
e*airiinetf;Per month; or. r - - «g» 



2i;801 to 22300... 

&,aoi?tb23.2oo.™^ 

;23.201 r to 24,000..™. .- 

/ :24,ooi to 34,9oo:: s £:.2,;.™. 
24.901- to ^5,ooo::^r.™,i. 

.25,00; "to ^6,000.. 



170 

320.001 to 360.000, 180 

360.001 to 410.000 190 

410.001 to 450.000 200 

450.001 to 500.000 -.....„. 1. 210 

_500,001 to 550.000 ... 220 

550.001 to 600.000 x 230 

600.001 to 660.000......:........... 240 

.660.001 to 720.000 250 

720.001 to 780.000.,; 260 

780.001 to 840.000 * 270 

^ 840.001 to 910.000 280 

p 10.001 to* 970.000 290 

97o;ooi ton. 050.000 . 300 

v 1.050.001 to 1.140.000.. 310 

1.140.001 to 1.230.000 - 320 

1.230.001 to 1.320.000..... 1— 330 

1.320.001 to 1 .420.000 340 

1.420.001 to 1.520.000 \ 350 

1.520,001 to 1. 630.000 360 

1,630.001 to 1.730.000 370' 

1,730,001 to 1.850.000 380 

1. 850.001 to 1.970.000 390 - 

1.970.001 to 2.O60.000 400 

2,060.001 to 2.270.000. J '. 410 

. 2.270,001 to 2.510.000 420 . 

2.510.001 to 2.750.000 430 

2.750.001 to 3.020.000 - ' 440 

3.020.001 to 3.320.000 460 

3.320.001 to 3.620.000 ...w 460 

3.620.001 to 3.960.000 * 470 

3.960.001 to 4.310.000 - 480 

4.310.TW1 to 4.690.000 490 

u 4.690,001 or i Hore .,..,.,...,...-... y 500 

Based/ on a history of no coliform bac- 
terial/contamination and on a sanitary 
survey by the State showing the water 
system to be supplied solely by a pro- 
tected -ground water source and free of > 
sanitary defects, $ community water sys- 
tem serving 25 to 1,000 persons, with 
written permission from the State,, may 
reduce £his "sampling frequency except - 
that in no case shall it be reduced to less 
Man one ;per quarter. 
***jjfc) The supplier of jgater for a non- 
community water system shall sample for 
ft coliform bacterja4n each calendar «auar- 4 
ter during* which 5 the system, provides . 
■water to the public: Such sampling, shall 
begin within two years after the effective 
4 date of this -p*rt. if th? Stategdnfthe 
basis of a sanitary survey; determi.iies 
that some other frequency is paore r appro- 
priate* that, frequency shall be)ttiejfrer , 
quency required , under these regulations* 
Such, frequency shall be conflttried or 
-changed, on the* basis of f subsequent 
surveysv ^ ^ * 4^/- ^ 

(d) (1^ When the coliform bacteria lna 
single saniple exceed four per 100 milli- 
liters (8141.14(a) ) , at least two consecu- 
tive daily check samples shall be collected 
andyexamined^fron^the same sampling 
poinfe^dditional check samples shall be 
collected daily, .or at a : frequency estab- r 



ir 

12 
13 
14 
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15 
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22 
23 
24 
25 
.28 
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28 
29 
30/ 



r>f)372 



llshed byS^Se State, Aintil the results ob- 
tained from ati least two consecutive 
check^samples. show -less thoft'one coli- 
form" bacterium per 100 milliliters* 

t2> When coll^orm bacteria occur in' 
three or more 10 ml portions of a single 
sample <| 141.14(b)(1)), at least two 
consecutive daily'check sample! shall be 
collected and examined from the same, 
sampling. point. Additional check samples 
shall be collected dally, or at a frequency 
established by the State, until the results 
obtained- from at least jtwo consecutive 
check samples show no^positlve tubes. 
» (3) When colif prra bacteria occur in all 
five of the 100 ml portions of a single 
sample (| 141.14(b) (2)) A at least two 
daily check samples shall be collected 
and examined from the sune sampling 
point. Additional check samples' shall be 
collected dally, or at a frequency estab- 
lished by the State, until the\results ob- 
tained from at least two executive 
check samples show no positive tubes. 
* (4) The location at which the check 
^samples were taken pursuant to para- 
graphs (d) (1), (2). or (3) of thlsVsection 
shall not be eliminated from future sam- 
pling without approval of the State. The 
results from all colif orm bacterial analy- 
ses performed pursuant to this subpart, 
except those obtained from check sam- 
ples and special purpose samples, shall be 
used to*determine compliance with the 
maximum contaminant level for coliform 
bacteria as'estahlished In § l41.14.1Check 
samples shall not be Included In calculat- 
ing the total number of samples taken 
each month to determine compliance 
with 1 141.21 (b) or (c). 

(e) When the presence of coliform 
b&teria in water taken from a particular 
sampling point has been confirmed by 
any check samples examined as directed 
in paragraphs (d) (1), (2), or (3) of this 
section, the supplier of water shall re- 
port to the State within'- 48 hours, 

(f) When a maximum contaminant 
-level set forth In paragraphs (a); (b) or 

(c) of 1 141.14 Is exceeded, the supplier 
of water shall report to the State and 
notify the public as prescrired in §: 141.31 
and 1 141.32. 

(g) Special purpose samples, such as 
those taken to determine whether, dis- 
infection practices following pipe place* 
ment, replacement, or rtpair have been 
sufficient, shall not be used to determine 
-compliance with; 1 141.14 or, J 141.21 (b) 

or (c). 

(h> A^supplier of water of a com- 
munity water system or a non-com- 
munity water system may, with the 
approval of the-State and based u&on a 
sanitary survey, substitute the use of 
chlorine residual monitoring forgot jnore 

*than 75 percent of the samples required 
to be taken by paragraph . <b) of this 
section. Provided; *I»t the supplier* of 
water taker~cfilorine residual simples at 

''points which are representation the 
conditiona^within the distribute sys- 
tem at the frequency of at least four for 
each.substituted microbiologicalisample. 
There shall be afcleast daily: determina- 

' tiona of chlorine residuatfWhen the sup- 
plier of water exercises the option pro- 
vided in; this parwrtpb th) - of this 
section,,he shall maintain no less> than 
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O.Z*mg/t free chlorine throughout the 
public water distribution system. When a 
particular sampling polBt has been 
shown to have * free 'chlorine residual 
less than 0.2 mg/1, the water at that loca- 
tion shall be retested as soon as prac- 
ticable and in any event within one hour. 
If the original analysis is confirmed, this 
fact shall be reported, to the State within 
48 hours. Also^lf the/ analysis is con- 
firmed, a sample : f or- col{f orm bacterial 
analysis must be collected from that 
sampling point as soon as practicable and 
preferably within one hour/and the re- 
sults of such analysis, reported to the 
State within 48 hours after the results 
are known to the supplier of water. 
Analyses for residual chlorine shall be 
made In accordance with "Standard 
Methods for the Examination of Water 
and Wastewater," 13th Ed., pp. 129-132. 
Compliance with the, maximum con- 
taminant, levels for coliform bacteria 
shall beUetermined on the monthly mean 
or quarterly mean basis specified in 
5 141.14, including tHbse samples taken 
as a result of failure to maintain the re- 
quired chlorine residuaVevel. The State 
may withdraw its approval of the use of 
chlorine residual substitution at any 
time. 

§ 141.22 TuHtidity sampling and an* 
al) tieal, requirements, 

( a) Samples shall be taken by suppliers 
of water forgSoth community water sys- 
tems and non-community water systems 
at a representative entry point (s) to the 
water distribution system at least once 
per day, for the purpose of mating tur- 
bidity measurements to determine com- 
pliance with 9 141.13. The measurement 
shall be made by the Nephelometric 
Method In accordance with the recom- 
mendations set forth in "Standard Meth- 
ods for the Examination of Water and 
Wastewater," American Public Health 
Association. 13th Edition, pp. 350-353, or 
"Methods for Chemical Analysis of 
Water and W4stes. M pp. "295-298, En- 
vironmental Protection; Agency, Office of 
Technology Transfer; Washington; D.C. 

* 20460,197*., 

(b) If the result of a turbidity analysis 
Indicates that the maximum allowable 
limit has been exceeded, the sampling 
and measurement shall^be confirmed by 
resampling as soon ^practicable and 
preferably within one hour. If the repeat 
sample conflrms that the maximum al- 
lowable limit has been exceeded, the sup- 
plier of water shall report to {he State 
within 48 hours. The repeat sample shall 
be the sample used for the purpose of 
calculating the monthly average. If the 
monthly average of the daily samples 
exceeds the maximum allowable limit, or 
If the average of two samples taken on 
Consecutive days exceeds 5 TO the, sup- 
plier of water shall report to the State 
and notify the public as directed in 
§141.31 an4H41.32/ - 

-(c) Sampling for non-cojnmunlty 
water systems shall begin within two. 
years.after the effective date of this part. 

(d)' The. requirements of this 9 141.22 
shall apply only to public water systems 
wtijdh Use water obtained in wlwle^or in 
paH from surface. Sources. P£ . > 



§ 141.23 Inorganic chemical utinplittg 
and umt!)tirHt requirements.* 5 

v , (a) Analyses for the purpose of de- 
termining compliance, with $141.11 are 
required as follows: 

(1) AnalyseVjor all community water: 
systems utilizing purf ace water sources 
shall be completed within one year fol- 
lowing the effective date of this part. 
1Jhe.se analyses shall be repeated at 
yearly Intervals. 

(2) Analyses for all community water 
systems utilizing only ground water 
sources shall be completed within two 
years following the effective date of this 
part. These analyses shall be repeated 
at three-year Intervals. 

(3) For non-community water systems, . 
whether supplied by surface or ground 
water* sources, analyses for nitrate shall 
be complet|d within two years following 
the effective date of this part These 
analyses shall be repeated at Intervals 
determined by the State. 

(b) If the result of an analysis made 
pursuant to paragraph (a) indicates that 
the level of any contaminant listed In 
§'141.11 exceeds the maximum contam- 
inant level, the supplier of water shall 
report to the State within 7 days and 
Initiate three additional analyses at the 
same sampling point within one month. 

(c) When the average of four analyses 
made pursuant to paragraph (b) of this 
section, rounded to the same number of 
significant figures 4 as the maximum con- 
taminant level for the substance In ques- 
tion, exceeds the maximum contaminant 
level the supplier of water shall notify 
v the State pursuant to $ 141.31 and give 
notice to the public pursuant to § 141.32. 
Monitoring after public notification shall 
be at a' frequency designated by the State 
and shaU-eantinue until ttfe maximum 
contafhlnant level has not been exceeded 
In two successive samples or until a mon- 
itoring schedule as a condition to a 
variance, exemption or enforcement ac- 
tion shall becpMfe effective. 

(d) The provisions of paragraphs (b) 
and (c) of this section notwithstanding, 
compliance with the maximum contam- 
inant level f 9r nitrate shall be determined, 
on the basis of the mean*of two analyses. 
When a* level exceeding the maximum 
contaminant level for nitrate is found, 
a second analysis shall be Initiated within 
24 hours, and If the mean of the two 
analyses exceeds the maximum contam- 
inant level, the supplier of water shall 
report his findings to the State pursuant 
to 5 141.31 and shall notify the public 
pursuant to $ 141.32\ 

(e) For the initial analyses, required 
by paragraph (a)(1), (2] or (3) of this 
section, data for surface waters acquired 
within one year prior to the effective date 
and data for ground <waters acquired 
Within 3 years prior to the effective date 
of this part may be substituted at the 
discretion of the State. .. * ' 

• (f) Analyses conducted to determine 
compliance with M41.ll shall be made 
In accordance with ' the following 
methods: 

(1) Arsenic— Atomic Absorption Meth- 
od, "Methods for Chemical Analysis of 
Water and Wastes," pp. ,05-96, Envjron- 
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tectum Agency, Office of Technology 
Transfer. Washington, D.C. 204*0, 1974. 

| .141.24 Organic chemical tampllng 
and analytical requirements* 

(a) An analysis of substances for the 
purpose of determining compliance with 
3 141.12 shall be made as follows: 

U> For all community water systems 
utilizing surface water source?, analyses 
shall tp completed within one year foU 
lowing the effective date of this part. 
Samples analyzed shall be collected dur- 
ing the period of the year designated by 
the State as the period when contami- 
nation by pesticides is most likely to 
occur. These analyses shall be repeated 
at intervals specified by the State but 
in no event less frequently than at three 
year intervals. 

(2) For community water systems 
utilizing only ground water sources,, 
analyses shall be completed by tfioss sys- 
tems specified by the State. 

(b) If the result of an analysis made 
pursuant to paragraph fa) of this sec- 
tion indicates that the level of any con- 

.„ . .... taminant listed' in 5 141.12 exceeds the 

"Standard Method* for the Efcaminikk maximum Icontaminant level, the suc- 
tion of Water and Wastewater 13tfil plier of water shall report to the State 



mental Protection Agency, Office of 
Technology Transfer, Washington, D.C. 
2046O 1934. 

(2) 'Barium— Atomic Absorption Meth- 
od, "Standard Methods for the Exami- 
nation of Water and Wastewater," 13th 
Edition, pp. 210-215 r or "Methods for 
Chemical Analysis of Water and-Wastes," 
pp. 97-98, Environmental Protection 
Agency, Office of Technology Transfer, 
Washington, D.C. 20460; 1974. 

(3) Cadmium—Atomic Absorption 
Method, ^Standard Methods for the Ex- 
amination of Water and Wastewater," 
13th Edition, pp. 210-215, or "Methods 
for Chemical Analysis of Water • and 
Wastes,** -pp. 101-103, Environmental 
Protection Agency, Office of Technology 
Transfer, Washington, D.C*20460, 1974^ 

(4) Chromiurii— Atomic/ Absorption 
Method, "Standard Methods for the Ex- 
amination of Water and .Wastewater," 
13th Edition, pp. 210-215, or "Methods 
for Chemical Analysis of Water and 
Wastes," pp. 105-106, Environmental 
Protection Agency, Office of Technology 
Transfer, Washington, D.C. 20460, 1974. 

(5) Lead— Atomic Absorption Method, 



Edition, pp. 210-215, or "Methods for 
Chemical Analysis of Water and Wastes," 
pp. 112-113, Environmental Protection 
Agency, Office -of Technology Transfer, 
Washington, D.C. 20460, 1974. 

(6) Mercury— Flameless Atomic Ab- 
sorption Methbd, "Methods-for Chemical 
Analysis of Water and Wastes," pp. 118- 
126, Environmental Protection Agency, 
Office of Technology Transfer, Wash- 
ington, D.C. 20460,1974. 

(7) Nitrate— Brucine Colorimetric 
Method, "Standard Methods for the Ex- 



within 7 days and initiate three addi- 
tional analyses within one month. 

(c) When the average of.foue analyses 
made pursuant to paragraph 'b> of this 
section, rounded to the same number of 
significant figures as the maximum"con- 
tamirtaut level for the substance in ques- 
tion, exceeds the maximum contaminant 
level, the supplier of water shall report 
to the State pursuant to 3 141.31 and give 
notice to the public pursuant to 5 141.32. 
Monitoring^ ter public notification shall 
be at a frequency designated by the-State 



amlnation of Water and Wastewater," ^and shalNsontinue until the maximum' 
13th Edition, pp. 461-464,- or Cadmium 
Reduction Method, "Methods for Chemi- 
cal Analysis of Water and Wastes," 
pp. 201-206, Environmental Protection 
, Agency, Office of TechnologyATransfer, 
Washington, D.C. 20460, 1974. 

(8) Selenium— Atomic Absorption by paragraph (a) (1) and (2) of this 
Method, "Methods for Chtmicai Analysis -section, data for surface water acquired 
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technique may be employed. An alterna- 
tive technique shall be acceptable only 
if it is substantially equivalent to the 
prescribed test in both precision and ac- 
curacy as it relates to the determination^ 
Of- compliance with any maximum con- 
taminant level. The use of the alterna- 
tive analytical technique shall not de- 
crease the frequency of monitoring vt 
quired b/this part. 

§ 141.28 Approved laboratories, 

For the purpose of determining com , 
pliance with 5 1*1.21 through § 141.27. x \ 
samples may be considered only if , they \ 
have been analyzed by a laboratory ap- 
proved by the State except that meas- 
urements for turbidity and free chlorine 
residual may be performed by any per- 
son acceptable to the State. 

§ 111. 29 Monitoring of consecutive pub* 
lie water Ayttcnt*. f 

When a public* water system supplies 
water to # one or more other public water 
systems/the State may modify the moni- 
toring requirements imposed by i this 
pprt to the extent tttat the interconnect 
ion of the sysems jusifies treating them 
a* a single system for monitoring pur- 
poses. Any modified monitoring shall be 
^conducted pursuant to a schedule speci- 
fied by the State and concurred in by the 
Administrator of the U,S. Environmental 
Protection Agency. - . ^ 

Subpart D— Keporting, Public Notification 
and Record Keeping 

§ M1.3I Reporting requirement*, 

'a> Except where a shorter reporting 
period is specified in this part, the 
supplier of water shall report to the State 
within 40 days following a test, measure- 
ment or analysis required to be made by 



contaminant level has not been exceeded ^ Ulis P^J- toc 01 that test « meas " 

in two successive samples or until a urepent or analysis, 
monitoring schedule as a condition to a The ^supplier ofEjjtcV shall report 
variance, exemption or enforcement ac- to the State within ^Tuhtrs the failure 
tion shall become effective ' • t0 comply with any prinfary defoktag 

(d) For the initial analysis required^ WRtcr regulation (including failure to 



of Water and Wastes," ft 145, Environ-, 
mental Protection \ Agency, Office of 
Technology Transfer, Washington, D.C, 
20460, 1974. \ 

(9) SUver— Atomic Absorption Meth- 
od, "Standard Methods for the Ex- 
amination of Water land Wastewater",* 
13th Edition, pp. 210V215, or "Methods 
for Chemical Analysis of [Water and 
Wastes", p. 146, Environment** Protec- 



within one year prior to the effective 
date of this part. and data for ground 
water acquired within three years prior 
to the effective datfr of this part may be 
substituted at the discretion of the State. 
. Ce) Analyses made, to determine com- 
pliance with § 141.12(a)- shall be made 
in accordance wlth-"Method for Organo- 
cblorine Pesticides in Industrial Eflju- 
ents," MDQARL, Environmental Pro- 
tection Agency, Cincinnati, Ohio, Nojtrem- 



comply with monitoring requirement 
.set forth in this part. 

<c) The supplier of water is not re- . 
qui\cd to report analytical results to the 
State in cases where a State laboratory 
performs the analysis and reports the . 
mult* to the State office which would; 
normally receive such notification from 
the supplier, ,- 

Public notification, r 



tion Agency, Office of Technology Trans 

fer, Washington, D.C. J20460, J974. , *' ber28;4973, i 

(10) Fluoride— Electrode f Method, J^f) Analyses made to determine com 
"Standard Methods tot the Examinatiour pliance with {141.12(b) shall be con 
of Water and Wastewater*, 13th Edition, ducted ip accordance with "Methods for 

pp. 172-174, or "Methbds for Chemical 1 — * J - ^ - -* - 

Analysis of Water and Wastes," pp. 
67, Environmental protection Agency, 
Office of Technology ^Transfer. Wash* 
ington, D.C. 20460, 197fl, or Colorimetric 
Method with 1 Preliminary Distillation, 
"Standard Methods for the Examination 
of Water and Wastewater," 13th Edition, 
pp; 171-172 and 174-1*6. or "Methods for 
Chemical .Analysis, /of Water and 
Wutje8^^.f6M0 f ^Wn»imental Pro- 



§111.32 

'a) If a community water system fails 
to comply with an applicable maximum 
contaminant level established in Subpart 
B/falls to comply with an applicable 
testing procedure established in Subpart 
_ C of this part, is granted a variance 

Chlorinated Phenoxy Ac?d Herbicides" in j»n exemption Irdm an applicable maxi-^ 
Industrial Effluents," MQQARL, En- mum contaminant level, fails to comply- 



viionmental Protection Agency, Cincin- 
nati, -Ohio, November 28. 1973. 

§ 141.27 Alternative aiml>Uiui tc^t- 
niquci, 

With, the written . permission of the 
State, concurred In by the Administra- 
tor of the U.S. Environmental* Protec- 
tion Agency, an alternative analytical 



with the requirements of any schedule 
prescribed pursuant to a variance or ex- 
emption, or fails to perform any moni- 
toring required pursuant to Section 1445 
(a) of the Act, the supplier of water.shali^. 
notify persons served by the .system of 
the failure or grant by inclusion of a no- 
tice in the.flrst set of water bills of the- 
system issued after the failure or grant 
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anced explanation of the significance or 
seriousness to the public health of the 
•ubjecifof the notice, affair explanation 
of stepsttakjm by the system to correct 
any problem and the results of any 'addi- 
tional sampling. * 

(f) Notice to .the:public «re<iuired by/ * 
this section may be given by the'State on 
behalf of I the supplier of water, 

<g> In any instance in which notifica- 
tionby mail is required by paragraph (a) 
of this section but notification by news* 

. _ papcrrbr ; tovradIo or .television stations 

water shall notify ttff SibUc "bf such7a& • M not required by paragraph (b) of this A 
ure-Vih} addition to/ the notification re- section, the 8Ute ini# ; ordet | the supplier • 
quired by paragraphia), of,this section, of water to > provide no tWcationby news- 
ss follows:, if * - * " '* paper and to^dio and television stations 



and In any event by written notice within 

. thrw ? months;^uch:notice"shall.be re* 
jtated-at'least ohcerevety three mbhtha 
> so long as the.system's failure continues 
* or tht.Yartancior^emption;remalns"in 
effect, If the'system issues water bills less 
^ fluently; than^uarterlyi or <Joea hot 
: issue water bills^the notice shalkbe made 
%br or supplemented Iby. another ioxmf bt 
. direc*m*IV > ~ v * \ " m ' 
^(bhdt* community 'water system has 
^failed to comply witoan applicable max- 
imum-contaminant level; the supplier of 



(if By> publication, on not less £han 



when circumstances make more immedl 

;* rt „.^;,«„*/vi««. i« * n— r>«rw.i. ft f, ate'-or broader notice appropriate to 
three consecutive/days in a newspaper or • nrftt ^ t th < olib iiA h«utk 
newspapers of general circulations the - P™*«". P£ oUC wma. 
area served by ,the system./ Such notice " 4 

shall be completed within fourteen days 
after the supplier of water learns of 
the failure, j «. 

' * (2)* By furnishing a cop* of the notice 
to the radio and television stations serv- 
* ing the area served by the system. Such 
notice shall be furnished within seven 
.days after Sbe supplier of water learns 
Of the fiilur) 

(c)a If the ar>a served by a community 
water system knot served by a dally 
newspaper of^gineral circulation, notifi- 
cation Jby, newpapcr required .by -pjura- 
graph (b> of this section shall instead be 
given W publication on three consecutive 
weeks in a weekly newspaper; of general, 
clrculation*ervirtg theftrea. If no weekly 
or daily newspaper of general circula- 
tion serves the area, notice shall,be given 
by posting the notice in postifflces with- 
in the area served by the system. 
* " (d) If a non-community Water sys- 
'tern fails to comply with an applicable 
maximum contaminant level established 
in Subpart B-oT this pert fails to comply 
with an ..Applicable testing procedure' 
Published in Subpart C 6f this part, is 
granted a variance or.ari exemption from, 
an applicable maximum contaminant 
level, failssto comply with the Trequire- 
, ment of any. schedule prescribed pursu- 
antto a variance or exemption or fails to 
p£rf bra ^ any monitoring, required piirsu- 
x ant: to t .Sectibo ; 1445(a) * of ^ther Act- the' 
\ supplier' of *wate& shaliiglyen .hbtfce?bff 
. such failure <pr grant to therpersons'r 
served by the system: The form and man- 
ner of such^notice shall ben prescribed'by 
the;' State; and; shall insure ^thatc the 
public 
-/formed 



S 141.33 Record maintensnce. 

Any. owner or operator of a* puolic 
water system subject to the provisions of 
this part shall retain on its premises or 
at a convenient location hear its prem- 
ises the following records: 

(a) Records of bacteriological analyses 
made pursuant to this part shaU be kept 
for not less than 5 years. Records of 
chemiqal analyses made pursuant to this 
part shaU be kept for not less than 10 
years. Actual laboratory reports may be 
kept, or data may be transferred & tab- 
ular summaries, provided that the fol- 
lowing information is included: 

(1) The date, place, and time of sam- 
pling, and the name of the person who 
collected the sample; 

(2) Identification of the sample as to 
whether it was a routine distribution 
system sample, check sample, raw or 
process, water sample or other special 
purpose sample; 

(3) Date of analysl 

(4V Laboratory atjd parson responsible 
for performing an _ 

($) The analytical technique/method 
used; and. 

' (6) The r&ilts of the analysis, 

(b) Records of action taken by the 
system , to (tprrect violations of primary 
drinking, wattrregulatlons shaU be kept 
for a period no^le^thwi.3 years after 
?t)ie last' action Jtaken witfflrespect^to-th^^ 
•particiilar^iolatibri'ihvolvcd. . * ^ 

MiP Copies of ^any written .reports, 
summaries>.br s - &mmunicatibhs . relating 
tb ? sariitary surveys of the system cdh- 
ducted^by thTsystem itself, by-a«private 
consultanti'orbyfariy local, State or Fed 




tlbn shall be>ritten th;tfflMnMrra^n* 



to? the^syst"em : sh^l. 



j*ly<deslgned^lnf brmf f : krHh^nhr l^-than^ 

;bf&e<sys^ 
^picubu^arid^sfian 

ynicalSlanguageguhdu^ ;^B5 C ^9??^°?- < ~ * 
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y^jiern^d;;wh«iappro^ 
^i(ment^jthat.^aV'prlm'a^ 
l% ^regulation ^ 



f v ,#enUve measum thaVs 

^^ign^rb^e^te^bW^^ 
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||^ "Page excerpted from: Manual "for the Interim Certification of Laboratories 
0- •-— J r a ^ p Involved in Analyzing Public -Drinking Water Supplies, 

Mr ' ' ' 7 . - September .1977V U.S. EPA : . 
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FREE CHLORINE RESIDUAL AND TURBIifMY 

Free chlorine residual and turbidity measuremertts dp not need to be done in- approved 
laboratories, but may be performed by any.persons acceptable to the State. There t . 
is, however, a definite .need Tor quality control guidelines to be instituted- at 
the.State level for. these measurements; it is equally important that systems be in 
use to assure validity of data for these critical measurements. If the criteria 
•below are met, the States should be able to^approve persons performing the measurements. 

Free Chlorine Residual 

The following ane. criteria for free chlorine residual measurements: 



\ 

9 

i 



Method: DPO" Colorimetric Method, described on pages 129-132 in "Standard 
Methods for the Examination of Water and -Wastewater,' 1 13th edition. • 

f? - Sample preservation:* None; analyses must be made as soon as practicable,, 
or within"" 1 hour. 

- ".'Sample contafher: PTast^Sr glass. . -* 

*. - Equipment: DPD Colorimetric Test Kit, or spectrophotometer or photometer. 

Turbidity ' - 

' Criteria for measuring turbidity are the following: - 

■ • - Method: Nephelometric, described oh pages 35Q-353 in "Standard Methods 
-for the Examination of Warter and Wastewater," 13th editiorr,/and on .pages 
295-298 in-EPA's "Methods for Chemical Analysis of Water and- Wastes. 
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- Sample preservation: None; analyses, must be made as soon as practicable 
or within 1 hour/ » . . % 

♦ * * * 

- Sampi-e container^ Plastic or glass. 
*• Equipment: Nephelometefe » . 

- Calibration of sealed liquid turbidity standards: . Sealed liquid turbidity 
standards purcha/ed from the instrument manufacturer must be calibrated 
against properO^ prepared and diluted, formazin standards at least every' 

.4 .nwnths in-order to monitor their- eventual deterioration. These standards 
should be replaced when any major change from the previous calibration occurs 
$o3fd - turbidfty; standards composed oft plastiq,. glass, or other materials 
.are' not reliable' and should not b.e used. 
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tspt of laboratory certification, although 

• there were a few requests for clartflcatlon of 
the role of the certifying authority.^ Moat of 
the comments contained objection* to the 
concept of requiring turbidity and chlorine 
residual teats to be performed by certified 
laboratories. The remaining oommenta ad- 
dreeeed the coat of certification* the need for 

* time to get labs certified, and the scarcity 
of qualified laboratories. 
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talned eufgeetlons for modification, such as, 
for example, to require a second notice to tell 
the public that.the condition prevtouHy re- 
ported had now been oorrected. Even other 
comment expressed opposition to public 
notification, either on the basis of dlf agree- 
ment with the concept, on the basis of in* 
appropriatenets for some types of- water sys- 
tems, or on the basts of some' type of in* 
equity. Most frequently heard comments 



^•^rSS^^f th, Admtol.tr.tor ,w«.: th. St.* tomM ^ » «* rtCtori* 



pi** spa would certify at least one labora- 
tory la each. State with other laboratories to 
be certified by the State laboratory - or 
laboratories qualified to perform' this tunc* 
tton. Dei si we of the transient nature of tur- 
bidity and chlorine residual values, it Is not 
possible for a public water system to collect 



to notify consumers only if there Is an im- 
mediate and: significant .threat to -public 
health; scare tactics will lead to public dis- 
regard; notification^ by radio* and TV within 
86 -hours* Is an unreasonable requirement; 
notification of the entire-public U unreason^ 
able when only s portion of the v public U 



Mtupivm mm • „ • f « .«n-j*catitabla. One of -the mors con- 



laboratory for determination of these perem 
iters. It was the intent of the Administra- 

"tor that the individual operators of public 
water systems perform their own- turbidity 
and chlorine residual analyses. It would 
seem advisable, hbwever, that such operators 
be certified, appro Ted, or at least minim al l y 

* trained to perform the analytical tasks be- 
fore a State could accept their analytical 
determinations ss baring enough validity 
for decisions regarding compliance or non- 
compliance to be made, v, 
V1X. Bxposrxifo and Public Notification 

. i. Reporting. There were orer 300 com- 
ments on 1141.31, dealing with reporting 
requirements, but only three basic criticisms; 
the reporting requirement should be limited 
to those situations which are essential to 



©ills is unacceptable, One of -the more con 
structWe comments was that, while the con- 
cept of^public notification was opposed, the 
supplier^ water should be given the -op- 
portunity to explain the* deficiency. 
' To explain the intent of Congress m re- 
quiring public notification, the following, is 
quoted from HouafJ&eport No. 93-1 1W: . 

"The purpose of this notice requirement is 
to educate the public as to the extent to 
which public water systems serving them are 
performing inadequately in light of the ob- 
jectives and- requirements of this bill. Such 
I public education Is deemed essential by the 
Committee in order to develop public aware- 
ness of the problems facing public water 
systems, to encourage a willingness to sup- 
port greater expenditure at all levels of gov- 
ernment to assist in solving these problems 



- cation; SS th. tortltutton ot fiSwX^ th. wppU.r 

should be given the opportunity to explain 
the deficiency. It was not the intent of Con- 
gress, that such notices would be merely a 
flat statement that the water system had 
failed to meet the requirements of the Regu- 
lations. TO quote the House Report further: 
"the Committee expects that the Adminis- 
trator's regulations would permit public 
water systems to give fair explanation of the 
significance or seriousness for the public 
health of any violation, failure, exemption 
or -variance. These regulations should also 
permit fair explanation of steps taken by 
the system to correct any problem/* 

The 7 wording has therefore been modified 
to permit that the supplier may use the 
notice to explain the significance or serious- 
ness of the violation, to Include the results 
of additional (subsequent) sampling, and tq 
Indicate preventative measures that should 
be taken by the public. 

As to the unreasonableness of allowing 
only 36 hours prior to radio and TV notifica- 
tion, this wording has been modified to read 
46 hours and the Administrator believes that 
this Is adequate tune to prepare such noti- 
fication when an MCL is violated. 

Time requirements' for notification in 
newspapers has been established. The regu- 
lations require that the failure of any MCL 
shall be published- In a. dally newspaper or 
newspapers oT 'general circulation- ln % the 
area served' by>the system, on not less than 
three consecutive days, and that such notifi- 
cation is to be)completed within seven days 
after the supplier, learns of the failure. The 
notice shan >be* provided to radio and tele- 
vision stations within 48 hours after he learns 
of the failure. 

PubUo notice for other failures of the reg- 
ulations, such as failure to comply with test- 
ing procedures, failure to comply with moni- 
toring requirements, and failure to comply 
with a schedule prescribed pursuant to a 
variance or exemption, is to be mado by in- 
cluding a notice with the water bills, wjthin 



reporting requirements* makes* compliance 
with the regulations either 'difficult or Im- 
possible. Minor comments included requests 
for changes In the 86-hour and 40-day 
reporting requirements, requests for a cor- 
rective action requirement rather than a 
reporting requirement, and requests that 
~ Federal, .agencies report to the States rather 
* than to EPA. _ 

Section 1413 of the Public Health Service 
N Act deals with the role of the States in 
Implementing and enforcing drinking water 
regulations. Section 1414 of the Act spells out 
actions to be taken if estate fails to assure 
enforcement' of drinking water regulations. 
Aetata could not effectively, comply ,with the* 
provisions of these sections without receiving 
regular reports from every public water sys- 
tem within its jurisdiction. Monitoring fre- 
quencies have been established, and if only 
violati ons of m** 4 ™"™ contaminant levels 
were reported the State would not know 
whether or not monitoring frequencies hall 
been adhered to. Thus all activities of a sup- 
plier of water in connection with these regu- 
lations are essential to enforcement ex the. 
regulations and must be reported to the 
State. * ^ 

It is apparent from Section 1447 of the 
Public Health Service Act and the, legislative 
history of the Safe Drinking Water Act that 
Federal agencies are to be treated exactly 
like any other owner or operator of a public 
water system, except in cases involving na- 
tional security. Therefore, the Administrator 
* believes that it would be contrary to 4 the 
Intent of the Act to require Federal agencies 
to report only to EPA and not to States with 
primary enforcement responsibility. In the 
revision of 1 141.31 of these regulations, no 
exemption for Federal agencies fronvthe pro- 
' visions of the regulations will be specified. 

3. Public Notification. Section 141 32.«the 
public notification provision, received a large 
number of comments. Of the more than 300 
comments, only two approved of this section 
as written. Two additional comments cqn- 
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. , , t 
at least three months after the eupplier learns . 
of the failure. In the event water bills are not 
Issued, there is a provisloa^for using another 
form ot direct mail. 

The provision for mailing notices responds 
at leasV in part to the comment that the 
notice should not be made to the entire m 
public but only to the portion of the public 
\ising the water. Otherwise, it is true that r 
notice : given in a newspaper of general dis- 
tribution* or a radio or television broadcast, 
will reach more people' than those affected . 
by a particular-public water system. 

There Is no way that this can.be avoided, 
bug there & nothing in the regulations which 
would- prevent the' notice from specifying 
which person or which area need be con- 
cerned about the notice. 
- The Administrator, agrees that the pro- 
posed public notice provisions are inappro- 
priate for non-community water systems. No* 
ticee in the local media and in water bills 
will not have the intended effect with these 
systems serving transients or intermittent 
users. Therefore, 1 141.32 has been revised to 
include a provision for other types of notifi- 
cation, subject to approval by the Staje, for 
non-community water systems. Envisioned 
here are such types of notification as a 
poster or sign near the drinking fountain 
of a facility serving ths travelling public, or 
a handbill distributed to factory workers. 
VHI. Economic Consjdx*ations 

• There were over 100 comments on the eco- . 
nomlc aspects of the regulations. Ths two 
most frequent* comments were that the esti- 
mates In ths preamble were much too low,* 
and that the economic Impact on the smaller 
water utilities would be severe. The correc- 
tive measure suggested In most cases was 
* £hat EPA should give grants to the public 
water systems or should provide funds to the 
States to pay for monitoring. In general, the 
comments contained criticisms of the regu- 
lations in that they were termed "not cost 
effective.'* 

It was the Intent? of Congress that the bulk 
of the costs associated With the Safe Drink->> 
ing Water Act would be borne by ths tndN 
vidual public water systems and thus the 
consumers. Of all the comments on the cost 
of a program to Improve the quality of drink- 
ing water, it Is noteworthy that only one 
comment stressed the benefits to those con- 
. sumers. 

There Is no doubt that money will be spent 
for Increased monitoring. This Is particularly 
true for the smaller water systems, v where in 
the past practically no moni teeing has been . 
performed. These very small water systems 
are the ones which meet need improvement, 
so it can be expected that the costs will be- 
proportiorAtsly higher for the small.systems 
when compared with larger systems. On a per - 
capita basis, since so few customers are in- 
volved, the costs will be disproportionately 
higher for the smaller systems. Congress did s 
not intend that the monitoring' costs for 
these systems would be subsidized. Rather, 
^Congress hoped that many small systems 
would consolidated into larger systems, so 
that the costs would be shared by a larger 
number of consumers, and so tiiat improved 
drinking water quality would more easily 
he attained. 

A cost and economic analysis of the, mont- , 
torlng requirements are attached as Ap- 
pendix B. • . > 
; IX. Or hsr Comments 

1. Siting* Of the more than 70 comments 
on 3 141.41, siting requirements, most either 
wanted the*sectlon deleted or else /clarified 
in some way. Ths criticisms were that the re- 
quirements for siting were not realistic, that 
"the terms used needed definitions, that Stats 
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